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 Introduction 1
1 INTRODUCTION
Being sessile organisms, plants are often exploited as a source for food and shelter by a wide
range of parasites including viruses, bacteria, fungi, nematodes, insects and even other plants
(Adlerz, 1980; Rodriguez-Gàlvez, and Mengen,1995; Duffus et al., 1996; Johnson and
Freytag, 1997; Bao and Lazarovits, 2001). Therefore, they have developed remarkable
strategies to adapt to environmental changes by using a range of constitutive or inducible
biochemical and molecular mechanisms (Dugravot et al., 2005; Francis et al., 2006; Pageau et
al., 2006; Chisholm et al., 2006). They exhibit both long- and short- term defence responses
to immediate challenges such as pathogen attacks (Borras-Hidalgo et al., 2005; Harris et al.,
2005; Jamamizo et al., 2006; Mur et al., 2006). Nevertheless, a combination of many stresses
is the primary cause of crop loss (Agrios, 1997). The estimated loss caused by pathogens is
typically around 10-20% (Boyer, 1982). The appropriate response of a plant emerges from the
perception of an extracellular signal and its transduction within and between plant cells.
Specificity of the interactions between plants and pathogens is still a poorly understood
phenomenon with a complicated hierarchy of biological organization. Elucidation of this
phenomenon represents an important task of contemporary plant pathology (Nimchuk et al.,
2001). However, tremendous opportunities for crop improvement are likely to arise, as the
complete sequencing of Arabidopsis genome is provided. Arabidopsis is a non-commercial
member of the mustard family, it is favoured among basic scientists because it develops,
reproduces, and responds to stress and disease in much the same way as many crop plants
(Arabidopsis Genome Initiative, 2000). What’s more, Arabidopsis is easy and inexpensive to
grow, to transform and produces many seeds; this allows extensive genetic experiments. Also,
Arabidopsis has a comparatively small genome (120,000 kbp) only 5 chromosomes and is
diploid, thereby simplifying and facilitating genetic analysis. Compared to many other plants,
it lacks most of the repetitive DNA sequences that complicate genome analysis (Al-Shehbaz,
Okane, 2002).
1-1 Plant-pathogen associations and the genetic basis of plant defence
Plant pathogens show one of three main mods of growth in the plants that they attack:
necrotrophy, biotrophy and hemi-biotrophy. Necrotrophs first kill host cells and then
metabolise their contents. Cell death is often induced by toxins and/or enzymes targeted to
specific substrates (Walton, 1996). Some necrotrophs, like Phythium and Botrytis, have a
broad host range (Whipps, 1997; Legared et al., 2000; Michailides and Elmer, 2000). whereas
 Introduction 2
other necrotrophs, like Alternaria, produce host-selective toxins that are effective against a
very narrow range of plant species. For this class of pathogens, plant resistance can be
achieved via the loss or alteration of the toxin’s target or through detoxification. Investigations
into molecular and biochemical responses to these disease determinants reveal responses
typically associated with host defence and incompatibility induced by avirulent determinants
(Wolpert et al., 2002).
Biotrophic and hemi-biotrophic pathogens invade living cells and subvert the host’s
metabolism to favour their own growth and reproduction. The frequent formation of “green-
islands,” on senescing leaves surrounding the biotrophic infection sites of fungal rusts and
mildews attests to the importance of keeping host cells alive throughout this intimate
association (Agrios, 1988). Biotrophs tend to cause disease on only one or a few related plant
species. In contrast, a highly evolved pathosystem, hemi-biotrophic fungi, such as
Phytophthora and Colletotrichum kill surrounding host cells only during the later stages of
the infection (Agrios, 1988). One way plants protect themselves against pathogens attack is
by resistance genes and their signal transduction cascade. Many disease resistance (R)
proteins of plants detect the presence of disease-causing bacteria, viruses and fungi by
recognizing specific pathogen effector molecules that are produced during the infection
process (Kawasaki et al., 2005; Meng et al., 2006). Effectors are often pathogen proteins that
probably evolved to subvert various host processes for promotion of the pathogen life cycle
(Martin et al, 2003).
1-1-1 Gene-for-gene hypothesis
H. H. Flor was the first plant pathologist who analysed the genetics of a resistance interaction
simultaneously in both the plant and the pathogen. He studied the interaction between flax
(Linum usitatissimum), a crop plant mainly used for fibre production, and the fungal disease
flax rust caused by the basidiomycete Melampsora lini. From these studies he formulated the
so-called “gene-for-gene hypothesis” as the most convincing explanation of the observed
phenomena (Flor, 1942; 1955; 1971). Flor made his observations after infecting flax lines
carrying different resistance genes with the progeny of crosses between different races of the
rust pathogen. He used a cross of two different races of flax rust to develop segregating F2
cultures. These cultures were tested for the ability to multiply and grow on more than 30
different varieties of flax that had previously been selected as carrying single genes for rust
reaction (Flor, 1955). The conclusion of these studies was that genetic factors of both the
plant and the pathogen are required for a successful defence reaction of the plant. The
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specificity of a plant-pathogen interaction is determined by the interaction of an avirulence
gene product encoded by a dominant gene in the pathogen and a product of the resistance
gene from the plant. The basis of the plant resistance reaction is therefore a specific
recognition between the two components (Figure 1).
The recognition triggers physiological defence reactions resulting in hypersensitive cell death
and the accumulation of molecules which are toxic for the pathogen (reviewed in e.g. Lamb,
1994; Espinosa and Alfano, 2004; Meng et al., 2006).
Disease resistance genes play a pivotal role in the recognition process, several disease
resistance genes have already been cloned and characterized from various plant species
(Hammond-Kosack and Jones, 1994; Martin, 1994; Michelmore, 1995; Staskawicz et al.,
1995). Plant disease resistance genes encode proteins that fall into three general classes
(Hammond and Jones, 1997; Toyoda et al., 2002). They share common structural motifs:
• proteins consisting exclusively of a protein kinase domain, the only known example
being the tomato Pto gene product (Martin et al., 1993).
• proteins with a nucleotide binding site (NBS) domain and a leucine-rich repeat (LRR)
domain containing either a coiled coil (CC) or a Toll/interleukin receptor-like domain
(TRR) at their N-terminus such as the Arabidopsis RPM1 and RPS2 genes (Staskawicz
et al., 1995; Kawasaki et al., 2005; Schulze-Lefert and Bieri, 2005).
• a hybrid with leucine zipper, LRR and protein kinase domains in the same protein,
exemplified by the rice Xa21gene product (Song et al., 1995).
Figure 1. The gene-for-gene interaction. Quadratic check of gene combinations and the resulting
different interaction types in gene-for-gene interaction. The pathogen can grow in the compatible
(+), but not in the incompatible (-) interaction. A indicates a dominant avirulence gene in the
pathogen, R a dominant resistance gene in the plant.
(A): The quadratic check for a single locus in the host and in the pathogen. Only the combination
of the dominant resistance and the dominant avirulence gene results in plant resistance in the left
quadrant.
(B): Reciprocal check for two genetic loci of resistance (R1 and R2) in the two plant cultivars (cv. 1
and 2). The combination of R1 and A1 or R2 and A2 results in plant resistance. The reciprocal check
defines a gene-for-gene interaction.
    AA  orAa
RR or Rr rr
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Figure 2. Schematic representation of plant disease resistance (R) proteins and a model coupling the
recognition of microbial avr-dependent ligands. The largest class of R proteins, the NB-LRR class,
presumably reside on the cytoplasm, although they could be membrane associated. This class can be
further subdivided into those that carry amino-terminal homology to the Toll protein/ interleukin-1
receptor (TIR-NB-LRR), those that have a N-terminal coiled-coil domain (CC-NBS-LRR) and non-
TIR-NBS-LRRs. Xa21 and Cf proteins carry transmembrane domains and extracellular LRRs. The Pto
gene encodes a cytoplasmic Ser/Thr kinase. Abbreviations; L6, Flax rust resistance gene; N,
tobacco mosaic virus resistance gene; pto, resistance gene to Pseudomonas syringae pv.
tomato race 0; Pi-ta, resistance to strains of the rice blast fungus (Magnaporthe grisea); Prf,
Pseudomonas resistance and fenthion sensitivity gene; RPM1, resistance gene to P. syringae
pv. maculicola; RPP5, resistance gene to P. parasitica; RPS2,  resistance gene to P. syringae pv.
tomato; RRS2, resistance to Ralstonia solanacearum in the recessive RRS1-R gene; Xa21,
Xanthomonas oryzae pv. oryzae (Xoo) resistance gene; CC, coiled coil formed by a leucine
zipper region; TIR, region with homology to the cytoplasmic domain of the Drosophila Toll and human
interleukin-1 receptors; LRR, leucine-rich repeat motifs; N, amino terminus; C, carboxyl terminus
(Hammond-Kosack and Jones, 1997; Jia et al., 2000; Deslandes et al., 2001; Toyoda et al., 2002).
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Pseudomonas syringae is a Gram-negative, rod-shaped bacterium with polar flagellae
(Agrios, 1997). Strains of P. syringae collectively infect a wide variety of plants. However, P.
syringae is known for its diverse and host- specific interactions (Hirano and Upper, 2000). P.
syringae enters the host tissues (usually leaves) through wounds or natural openings such as
stomata, and in a susceptible plant it multiplies to high population levels in the intercellular
spaces (Agrios, 1997). Infected leaves show water-soaked patches, which eventually become
necrotic (Lim and Kunkel, 2004). Depending on the P. syringae strains, necrotic lesions may
be surrounded by diffuse chlorosis. Some strains of P. syringae trigger the hypersensitive
response (HR), a rapid, defence-associated programmed death of plant cells in contact with
the pathogen (Klement, 1963; Klement et al., 1964; Bent, 1996; Greenberg, 1996; Dangl et
al., 1996; Hammond-Kosack and Jones, 1997). In this situation P. syringae fails to multiply
to high population levels and causes no disease symptoms. A virulence genes were first
cloned by conjugation of cosmid clones of a genomic library of one race of P. syringae pv.
glycinea into another and screening for a change in avirulence phenotype (Staskawicz et al.,
1984).
When a suspension of 108 cfu (colony forming unit) ml-1, a high dose of bacteria, is sprayed
with a surfactant onto susceptible Arabidopsis plants, the first sign of disease is the
appearance of water-soaked patches on leaves on day 2. The water-soaked symptom results
from massive release of water and presumably nutrients from infected Arabidopsis cells. The
water-soaked patches become necrotic and dark-colored on day 3, and the surrounding leaf
tissue shows extensive chlorosis,
giving the characteristic appearance of a speck disease (Dong et al., 1991; Whalen et al.,
1991; Dong et al., 1992).
Xanthomonas campestris pv. campestris was the first bacterial pathogen to be demonstrated
to infect Arabidopsis and to cause disease symptoms in laboratory setting (Simpson and
Johnson, 1990). It was quickly followed by P. syringae pathovars (Dong et al., 1991; Dangl et
al., 1992). These phathosystems were defined by screening many isolates of plant pathogenic
bacteria on various Arabidopsis accessions. The main reason for examining P. syringae
strains as potential pathogens of Arabidopsis was because P. syringae had already been
proven to be an excellent genetically tractable pathogen of soybean, tomato and bean in the
mid- 1980s (Keen, 1990). Development of the Arabidopsis-P. syringae pathosystem provided
a system in which both the plant and the pathogen are amenable to rigorous genetic analysis
(Kunkel et al., 1993; Yu et al., 1993). An example of a well-characterized avr gene
possessing both avirulence and virulence activities is avrRpt2 from Pst, the causal agent of
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bacteria speck disease on tomato. AvrRpt2 was identified based on its ability to trigger
resistance on Arabidopsis lines harbouring the cognate R gene, RPS2 (Whalen et al., 1991;
Kunkel et al., 1993; Yu et al., 1993). In the absence of a functional RPS2 gene, avrRpt2
promotes the ability of Pst to grow and cause disease. Therefore, on susceptible lines of
Arabidopsis, avrRpt2 functions as a virulence gene (Chen et al., 2000; Guttman and
Greenberg, 2001).
1-1-2 Guard hypothesis
The guard hypothesis provides a reasonable conceptual framework to explain the mechanisms
of plant-pathogen interaction. In the guard hypothesis, avr products interact with host proteins
to promote disease, and R proteins “guard” these host components and initiate the avr-
dependent plant defence response (Dangl and Jones, 2001). The guard hypothesis predicts that
for each R protein exists both a corresponding pathogen avr product and a host target. There
are two logical extensions of the guard hypothesis. Firstly, a given R protein could, in
principle, respond to the presence of two or more unrelated avirulence effector proteins that
presumably are targeting the same host plant protein. The second important logical extension
of the guard hypothesis is that a host protein complex that is a common target of pathogen
virulence functions might be guarded and protected from avirulence effectors by more than
one R protein (Mackey et al., 2003). The Arabidopsis RIN4 plays a role in the plant defence
response, and is a bacterial virulence target that is guarded by the resistance (R) protein
RPM1. Recent studies suggest that another R protein, RPS2, also guards RIN4. Bacterial
avirulent effectors avrB, avrRpm1, and avrRpt2 target and alter the RIN4 protein. RPS2 and
RPM1 proteins recognize and guard the altered status and initiate a defence-signalling
response (Mackey et al., 2003; Marathe and Dinesh-Kumar, 2003).
1-1-3 RPM1 (resistance to P. syringae pv. maculicola)
The RPM1 protein recognizes the presence of two sequence-unrelated type III secretion
system (TTSS) exported effectors, avrRpm1 and avrB in Arabidopsis (Dangl et al., 1992;
Bisgrove et al., 1994; Chen et al., 2000; Greenberg and Vinatzer, 2003). The deduced RPM1
sequence predicts three main protein domains (Grant et al., 1995). The N terminus features a
predicted coiled-coil (CC) domain (Pan et al., 2000). The C terminus is formed by ~ 14
leucine-rich repeat (LRR) sequences (Kobe and Deisenhofer, 1995). In the middle of the
protein is a motif containing consensus sequences for a nucleotide binding site (NB) as well
as homology between mammalian APAF-1 and Caenorhabditis elegans CED-4 proteins,
 Introduction 7
which together constitute the NB-ARC domain (Van der Biezen and Jones, 1998). Cluster
analysis of rpm1 alleles defined functionally important residues that are highly conserved
between NBS-LRR proteins and those that are unique to RPM1. RPM1is a peripheral plasma
membrane protein that is degraded coincident with avrRpm1-triggered hypersensitive
response (Boyes et al., 1998). AvrB and avrRpm1 are trafficked to the host cell plasma
membrane (Nimchuk et al., 2000). Activation of RPM1 increased the amount of calcium
inside the cell causing the production of active oxygen species that are important for
reinforcement of the cell wall and pathogen defence. An inducible avrRpm1 expression
system was used for the detection of genes activated by RPM1. The inducible avrRpm1
expression system required two T- DNAs, the driver and the inducible promoter (Figure 3).
When ß-estradiol (ED) is applied to the plant, a chimeric transcription factor binds a chimeric
promoter that regulates avrRpm1 expression.
1-1-4 RPS2 (resistance to Pst)
Genetic analysis of mutants which were susceptible to bacterial strains expressing avrRpt2,
indicated that susceptibility was due to a single mutation mapping on chromosome 4 of
Arabidopsis. Identification of RPS2 with specificity for a single bacterial avirulence gene
suggested that this locus controls specific recognition of bacteria expressing the gene avrRpt2
(Kunkel et al., 1993). RPS2 encodes a 105 kDa CC-NBS-LRR protein (Mindrinos et al.,
GAL-4 BS-BzTATA::avrRpm1::NOSter
Ubi::ER—GAL4—VP16
ED
Figure 3.  Scheme of the inducible avrRpm1 expression system.  This system requires two T-
DNAs, driver (bottom and the inducible promoter (top).  The driver is chimeric protein with  three
components: GAL-4 for specificity, estrogen receptor (ER) for induction, and VP-16 as a
transcriptional activator.  The inducible promoter has the Gal-4 binding sequence to increase
transcription.  When ED is present, transcription is activated and AvrRpm1 is produced inside the
plant cell.  Ubi, ubiquitin; NOSter, nopaline synthase terminator; GAL4-BS, GAL4 binding site,
Bz TATA, bronze TATABOX (Guyer et al., 1998).
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1994). The amino acid sequence surrounding the N-terminal hydrophobic region is more
positively charged on the C-terminal side, making it more likely that the hydrophobic region
functions as a signal anchor (type1) than as a signal peptide (Hartmann et al., 1989): The
overall similarity between the Arabidopsis RPS2 and tobacco N proteins suggests that there is
a common or similar signal transduction pathway leading to the resistance response to both
bacterial and viral pathogens (Mindrinos et al., 1994). Activation of RPS2 and RPM1 initiates
a disease-resistance signalling pathway that is dependent on NDR1 (Aarts et al., 1998).
1-1-5 NDR1 (Non-race-specific disease resistance1)
The NDR1 locus is required for resistance to the bacterial pathogen Pst (Century et al., 1997).
Mutation in NDR1 causes susceptibility to three Pst strains containing different avirulence
genes. Thus, NDR1 represents a conserved signal transduction element required for defence
against several avirulence effectors. NDR1 is located on Arabidopsis chromosome three and
encodes a 660-base pair open reading frame. The deduced 219-amino acid sequence with two
predicted transmembrane domains suggests that part of the function of NDR1 may be to hold
R proteins close to the membrane. The NDR1 gene is induced in response to pathogen
challenge and integrates various pathogen recognition signals (Century et al., 1997). NDR1 is
required for R genes known to belong to the CC subclass of NBS-LRR resistance proteins
such as RPS2 and RPM1 (Aarts et al., 1998).
1-1-6 EDS1 (Enhanced disease susceptibility 1) and PAD4 (Phytoalexin deficient 4)
Enhanced disease susceptibility 1 (EDS1) was originally identified in a screen for mutants
that are defective in RPP1- and RPP5-specified resistance to isolates of the obligate
biotrophic oomycete pathogen Hyaloperonospora parasitica (Parker et al., 1996). Other R
genes, for example RPP7 and RPP8, require neither EDS1 nor NDR1 (although resistance is
weakly suppressed in an eds1xndr1 double mutant) (McDowell et al., 2000). A model
describing the circuitry of the signal transduction network of gene-for-gene resistance is
presented in Figure 4.
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Further inspection of eds1 mutants revealed defects in basal resistance to virulent isolates of
P. parasitica and Erysiphe cichoracearum (an obligate biotrophic fungus) and to strains of the
bacterial pathogen P. syringae (notably Pst and P. syringae pv. maculicola (Falk et al., 1999;
McDowell et al., 2000; Xiao et al., 2005). EDS1 and its interacting partner, PAD4 are
recruited by TIR-type NB-LRR proteins to signal isolate-specific pathogen recognition. Both
EDS1 and PAD4 are required for accumulation of the plant defence-potentiating molecule,
salicylic acid (SA) and mediate antagonism between the jasmonic acid and ethylene defence
response pathways (Wiermer et al., 2005). EDS1 is necessary for pathogen-induced PAD4
mRNA accumulation. Whereas mutations in PAD4 or depletion of salicylic acid only partially
compromise EDS1 expression. EDS1 has two functions. The first is required early in plant
defence, independently of PAD4. The second recruits PAD4 in the amplification of defences,
possibly by direct EDS1-PAD4 association (Feys et al., 2001).
R genes
RPM1
RPS2
RPS5
R genes
RPW8
RPP2
RPP4
RPP5
RPP10
RPP14
RPS4
R genes
RPP7
RPP8
RPP13
NDR1
PBS2
EDS1
PAD4
Resistance
Figure 4. Three R-gene dependent pathways are shown, one that requires NDR1 and PBS2,
a second that requires EDS1 and PAD4, and a third for which the required genes have not
been reported. RPM1 (Resistance to P. syringae pv. maculicola), RPS2 (Resistance to
Pst), RPW8 (Resistance to powdery mildew 8), RPP2 (Resistance to Hyaloperonospora
parasitica 2), RPP4 (Resistance to P. parasitica 4), RPP5 (Resistance to P. parasitica 5),
RPP10 (Resistance to P. parasitica 10), RPP14 (Resistance to P. parasitica 14), RPS4
(Resistance to P. syringae 4), RPP7 (Resistance to P. parasitica 7), RPP8 (Resistance to
P. parasitica 8), RPP13 (Resistance to P. parasitica 13), PBS2 (avrPphB susceptible2),
PAD4 (Phytoalexin deficient 4). (modified from Glazebrook, 2001)
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1-1-7 Salicylic acid-dependent resistance
Salicylic acid, the aromatic ortho-hydroxybenzoic acid, was found in its free state in several
plants such as the buds of meadowsweet (Spiraea ulmaria), rice, and potato, and as its methyl
ester, in gaultheria oil and in the essential oil of Andromeda leschenaullii (Silverman et al.,
1995; Panina et al., 2005). It was discovered in 1838 by Piria as a decomposition product of
salicin from willow (Salix spp.). It is a colourless, crystalline organic carboxylic acid that
melts at 159°C and is soluble in ethanol and ether but is only slightly soluble in water. Radio-
labelling studies with cucumber and potato indicate that 14C-Phe, 14C-trans-cinnamic acid and
14C-benzoic acid (BA) are all metabolized to 14C-SA (Meuwly et al., 1995; Coquoz et al.,
1998).
SA is synthesized after inoculation of plants with pathogens or exposure to certain abiotic
stresses, such as ozone and UV-C light (Leon et al., 1993; Delaney et al., 1994; Silverman et
al., 1995; Nawrath and Métraux, 1999). SA inhibits some isoforms of catalase (EC1.11.1.6) in
vitro and may have a general affinity for iron-containing enzymes (Lamb and Dixon, 1997).
Binding of SA to heme-containing enzymes may result in the generation of salicylate radicals
that might have signal functions in gene activation and cell death. It enhances hydrogen
peroxide production, lipid peroxidation and oxidative damage to proteins in Arabidopsis and
requires H2O2 to potentiate lipid peroxidation, induce PR genes and establish systemic
acquired resistance (infection of plants with a necrotizing pathogen can enhance the plant’s
resistance to subsequent infections by a variety of bacterial, fungal and viral pathogens, called
SAR). (Silverman et al., 1995; Dudareva et al., 1998; Nawrath Mètraux, 1999; Pinna et al.,
2005), Moreover, exogenous SA induces several defence genes and SAR (Lamb and Dixon,
1997). SA is made via two pathways: Phenylalanine ammonia lyase (PAL) and the
isochorismate synthase (ICS) pathway. SA synthesized through ICS1 has an important role in
plant defence against pathogens and is required for PR1 expression, local acquired resistance
(LAR) and systemic acquired resistance (SAR). However, SA also potentiates plant cell death
in response to particular pathogens or fungal elicitors when it is made, at least in part, via the
PAL pathway (Wildermuth et al., 2001).
A recessive mutation in Arabidopsis called cpr1 shows constitutive expression of systemic
acquired resistance (SAR) that is associated with an elevated endogenous level of SA. This is
suppressed in plants producing a bacterial salicylate hydroxylase (NahG), which inactivates
SA by converting SA to catechol. It was proposed that the CPR1 gene product acts upstream
of SA as a negative regulator of SAR (Bowling et al., 1994). In tobacco, cucumber, and
Arabidopsis, SAR is strongly correlated with the coordinate expression of a set of genes (SAR
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genes) encoding proteins that include the “pathogenesis-related” (PR) proteins. The
exogenous application of SA to leaves of several plants (e.x. wheat, Arabidopsis, tobacco)
mimics the pathogen-induced SAR response by inducing the same set of SAR genes, as well
as resistance, in treated tissue (Delaney et al., 1994; Görlach et al., 1996; Lawton et al.,
1996). Also, endogenous SA accumulation has been observed and is important for local as
well as systemic resistance. If an increase in endogenous SA is required to establish acquired
resistance, then a barrier to SA accumulation should block the development of SAR.
Salicylate hydroxylase, encoded by the NahG gene of Pseudomonas putida, is a flavoprotein
that catalyses the decarboxylative hydroxylation of salicylate, converting it to catechol. The
NahG coding sequence from P. putida was subcloned into an expression vector in which
transcription was controlled by the constitutive 35S cauliflower mosaic virus promoter and
terminated by the tml 3`terminator. This construct was transformed into tobacco and
Arabidopsis using Agrobacterium (Gaffney et al., 1993).
NahG plants showed more severe disease symptoms than wild-type tobacco plants when
inoculated with Pseudomonas syringae pv. tabaci, Phytophthora parasitica or Cercospora
nicotianae (Delaney et al., 1994). Arabidopsis thaliana ecotype Columbia (Col-0) plants that
express the NAHG gene also showed enhanced susceptibility to pathogen. When they were
inoculated with Pst, the bacterial titre was 10 to 50 times greater than that seen in non-
transgenic controls. Also, the growth of avrRpt2-containing bacteria on NahG plants was
similar to that seen on susceptible cultivars of Arabidopsis (Delaney et al., 1994).
Arabidopsis NahG plants are defective in non-host resistance to Pseudomonas syringae pv.
phaseolicola strain 3121 (Psp), suggesting that also this type of resistance requires SA
signalling. However, several mutants with defects in SA signalling, including eds1, pad4,
eds5, sid2, and npr1, remain resistant to Psp, demonstrating that susceptibility of NahG plants
is not due to absence of SA (Van Wees and Galzebrook, 2003). SA synthesis was blocked in
sid2xNahG double mutants, but resistance to Psp was retained. The authors concluded that it
was the degradative action of NAHG on SA that caused the loss of resistance of NahG to Psp.
Application of catalase to NahG partially restored resistance to Psp, and catechol-treated wild
type plants showed a degree of susceptibility to Psp suggesting that catechol is responsible for
the breakdown of non-host resistance (Van Wees and Glazebrook, 2003).
SA-dependent signalling is important for gene-for-gene resistance responses, local responses
that limit the growth of virulent pathogens and for SAR (Cao et al.,1994; Delaney et al.,
1995; Nawrath and Métraux, 1999; Nawrath et al., 2002). Several genes that act in the SA
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signalling pathway have been identified, including: EDS1, SID2, PAD4 and NPR1,… (Figure
5) which is described in following section.
SID2
EDS5
NPR1
PR1
etc
Resistance
Systemic or pathogen-derived signal
PAD4
EDS1
SAFigure 5. SA-dependent pathogen defence signalling. PAD4 and EDS1 promote SA accumulation ,
as do SID2 and EDS5. SA in turn promotes expression of PAD4 and EDS1 creating a positive feed-
back loop. PAD4 promotes also expression of resistance responses in an SA-independent manner.
Downstream of SA, NPR1 mediates the activation of expression of genes such as PR1 and
activation of these genes results in resistance.1-1-8 EDS5 (enhanced disease susceptibility) and SID2 (SA induction deficient 2)
EDS5 encodes a protein of 543 amino acids with a predicted structure that includes 9 to 11
membrane-spanning domains and a coiled coil at the N-terminus. Its protein structure and
sequence homology with MATE proteins (multidrug and toxin extrusion) provide evidence
that EDS5 might be a transporter (Nawrath et al., 2002). The eds5 mutant was shown to
accumulate very little salicylic acid and PR1 transcripts after pathogen inoculation and to be
hyper-susceptible to pathogen infection (Dewdney et al., 2000). EDS5 expression increased
after treatments with salicylic acid, indicating a possible positive feedback regulation,
resembling the PAD4 situation (Nawrath et al., 2002). Its expression after infection by certain
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pathogens as well as UV-light exposure depends on the pathogen response proteins EDS1,
PAD4, and NDR1, indicating that the signal transduction pathways after UV-light exposure
and pathogen inoculation share common elements (Nawrath et al., 2002). Interestingly, the
expression of EDS5 is nearly absent in SA-degrading NahG plants, 6 and 12 h after
inoculation with avirulent and virulent P. syringae but it is normal after UV-light exposure
(Delaney et al., 1994). This finding is in sharp contrast to the expression of EDS5 in
inoculated sid2 plants. However, 24 and 48 h after inoculation with avirulent or virulent P.
syringae, NahG and Columbia plants expressed EDS5 to approximately the same extent. This
indicates that NahG plants might display some uncharacterised differences (possibly lots of
catechol) in addition to having very low SA levels, for example, by the unspecific action of
the SA hydroxylase on potential signalling compounds other than SA (Cameron, 2000).
The sid2 mutant of Arabidopsis does not accumulate SA after inoculation with either virulent
or avirulent pathogens or after abiotic stresses and demonstrates strongly reduced expression
of PR1. Moreover, sid2 plants display pathogen-induced expression of PR2, and PR5 that is
similar to that observed in the npr1/nim1 or the eds5 mutant (Glazebrook et al., 1996). The
susceptibility to pathogens of the sid2 and eds5 mutants is intermediate between that of wild
type and NahG plants (Nawrath and Métraux, 1999).
1-1-9 NPR1 (Non-expressor of PR1)
Downstream of SA in the SAR signal transduction pathway is NPR1 (Non-expressor of PR
genes), also known as NIM1 and SAI1 (Cao et al., 1994; Delaney et al., 1995; Glazebrook et
al., 1996; Shah et al., 1997). Arabidopsis npr1 mutants are non responsive to SA, are
compromised in their ability to express PR genes, and do not mount an effective SAR (Cao et
al.,1994; Delaney et al., 1995). By contrast, overexpression of NPR1 in rice and Arabidopsis
leads to enhanced resistance against various pathogens (Cao et al., 1998; Chern et al., 2001;
Friedrich et al., 2001). NPR1 stimulates the DNA binding activity of interacting TGA factors
to SA response elements. Similarity, the binding of TGA factors, to their cognate elements in
response to SA requires functional NPR1 (Lebel et al., 1998; Despres et al., 2000; Niggeweg
et al., 2000a; Fan and Dong, 2002).
NPR1 localizes to both the cytoplasm and the nucleus. Cytoplasmic NPR1 appears to
modulate cross talk between SA and Jasmonate-dependent defence signalling through a
mechanism that is not understood at present (Spoel et al., 2003). Nuclear localization, which
is controlled by a bipartite nuclear localization sequence located at the C-terminal end, is
required for the induction of PR genes (Kinkema et al., 2000). NPR1 can form oligomers in
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the cytoplasm through intermolecular disulfide bonds and upon SAR induction, a biphasic
change in cellular reduction potential occurs, resulting in reduction of NPR1 to a monomeric
form. Monomeric NPR1 accumulates in the nucleus and activates gene expression (Mou et al.,
2003).
1-1-10 Jasmonic acid (JA) and ethylene (ET) – dependent signalling
Jasmonic acid belongs to a new class of plant growth regulators that modulates the expression
of numerous genes (Reymond et al., 2000). They inhibit plant growth generally, but in
addition they promote diverse processes including fruit ripening, senescence, tuber formation,
tendril coiling, pollen formation, and defence responses against insect pests and pathogens
(Creelman and Mullet, 1997). The level of endogenous JA is highest in young, growing tissue
(Creelman and mullet 1995) and increases after treatment of cell cultures with elicitors or
after subjecting plants to wounding, UV light, water deficit, pathogens or ozone (Conconi et
al., 1996; Creelman and Mullet, 1997; Rao et al., 2000; Beger, 2002). The application of
exogenous JA induces the expression of a variety of genes that are responsive to stresses such
as wounding and pathogen infection. Two sets of mutants have been identified that relate to
JA, the first set of mutants falls into JA biosynthesis and the second set in downstream signal
transduction of JA, such as the coi1 mutant that is JA insensitive and is male sterile. The gene
encoded by the coi1 locus has been cloned. The encoded 67 kDa protein contains an F-box
and leucine-rich repeats (Xie et al., 1998). Since F-box proteins are components of the
ubiquitin-dependent protein degradation pathway, it has been speculated that COI1 is
involved in ubiquitination and subsequent degradation of factors negatively regulating JA
responses.
The hydrocarbon ethylene, a structurally very simple gas, plays a critical role in the regulation
of developmental programs throughout the plant life cycle and serves as a major response to
various environmental signals. Seed germination, cell elongation, fertilization, fruit ripening,
seed dispersal, defence against pathogens and response to external stress factors are among
the essential processes regulated by ethylene (Ecker, 1995; Johnson and Ecker, 1998). The
specific recognition of ethylene by a receptor protein presents uncommon challenges because
of the extreme structural simplicity of this hormone and consequent small number of possible
interaction points between the signal molecule and its receptor. The particular
physicochemical properties of the ethylene gas allow it to freely diffuse through the
membrane and cytoplasm, eliminating the need for an active transporter system to deliver the
ligand to its receptor in the endoplasmic reticulum (ER) (Solano and Ecker, 1998; Stepanova
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and Ecker, 2000). Four main modules constitute the ethylene signalling pathway: a phosphor-
transfer relay, an EIN2-based unit, a ubiquitin-mediated protein degradation component and a
transcriptional cascade. The ethylene receptor physically interacts with the Raf-like kinase
(CTR1) (Clark et al., 1998). Binding of ethylene to the receptors and CTR1, results in de-
repression of the positive regulatory molecule, EIN2 (Alonso et al., 1999). By unknown
mechanisms, a positive signal is transmitted from EIN2 to the transcription factors EIN3/EILs,
which induce transcription of ethylene-regulated genes such as PDF1.2 to produce resistance
against pathogens or regulate other processes (Alonso and Stepanova, 2004).
The role of JA and ET in activation of disease resistance mechanisms was demonstrated by
the observation that expression of the PDF1.2 gene and other genes, was prevented by
mutations that block JA signalling (i.e. coi1) or ethylene signalling (i.e. ein2). JA and ET
seem to be required simultaneously, as PDF1.2 expression is not activated by either ET
treatment of coi1 plants or JA treatment of ein2 plants (Penninckx et al., 1998). Furthermore,
resistance to the fungal pathogen Alternaria brassicicola is compromised in coi1 plants and
pre-treatment with JA enhanced resistance to these pathogens (Thomma et al., 1998). In
accordance with ET and JA being important mediators of pathogen resistance ein2 plants
display enhanced susceptibility to the fungal pathogen Botrytis cinerea (Thomma et al.,
1999).
1-2 Pathogens
1-2-1 Botrytis cinerea and Alternaria brassicicola
Alternaria brassicicola is a necrotrophic pathogen and causes a range of diseases with
economic impact on a large variety of important agronomic host plants including cauliflower
and broccoli (Thomma et al., 1999; Thomma, 2003). It is a foliar pathogen that causes a
relatively slow destruction of host tissue through the reduction of photosynthetic potential
(Thomma, 2003). An infection leads to the formation of necrotic lesions in which the fungus
resides in the centre surrounded by an un-invaded chlorotic halo, a symptom that is
commonly observed for the infection process of necrotrophic pathogen. This zone is created
by the diffusion of fungal metabolites like toxins (Thomma, 2003; Van Wees et al., 2003).
A major group of substances involved in resistance against Botrytis cinerea and Alternaria
brassicicola are the phytoalexins. These are low molecular weight antimicrobial compounds
whose production is elicited in response to pathogen (Thomma et al., 1999; Zhou et al., 1999;
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Tierens et al., 2002). This suggests that resistance depends on phytotoxin detoxification and
simultaneous phytoalexin elicitation (Pedras et al., 2001). A strong camalexin response was
elicited in wild-type Arabidopsis plants inoculated with either Botrytis cinerea or Alternaria
brassicicola, whereas no camalexin could be detected in pad3-1 (a phytoalexin-deficient
Arabidopsis mutant which is markedly more susceptible than its wild type parental line to
infection by Alternaria brassicicola, but not to Botrytis cinerea) challenged with these fungi
(Thomma et al., 1999).
B. cinerea is a haploid Euascomycete fungus. It belongs to the class Leotimycete, with a
genome size of 30 Mb (http://www.broad.mit.edu/annotation/fungi/botrytis_cinerea/).
Because of its polyphagic and necrotrophic characteristics, B. cinerea is a good model for the
study of fungal infection processes. This fungus preferentially attacks fruits (grapes,
strawberries, tomatoes) and flowers, upon which it produces a grey rot. It is also capable of
attacking stems, leaves and seeds (Johnson et al., 1994; Muckenschnabel et al., 2002).
Furthermore, it has been shown in the laboratory that the same isolate is capable of attacking
very different plant hosts (bean, leaves, and petals). This fungus utilizes a large range of
pathogenic factors (lytic enzymes, activated oxygen forms, toxins, and plant growth
regulators) to attack its host plants.
Ethylene and jasmonic acid are important in resistance against A. brassicicola and B. cinerea.
They trigger the induction of plant defence genes in ET/JA-dependent signalling pathway. as
was shown by susceptibility of many ET- and JA-deficient mutants exposed to necrotrophic
pathogens (Thomma et al, 1998; Thomma et al, 1999; Alonso and Stepanova, 2004;Pozo et
al., 2005).
1-2-2 Prevoius work in our laboratory
Previous studies in the lab aimed at identifying new genes involved in defence against
Pst(avrRpt2). Sauerbrunn and Schlaich (2004) identified PCC1 in a microarray experiment as
a gene that is up-regulated after exposure of Arabidopsis plants to Pst. Expression of PCC1
increased from 8 hours past treatment (hpt) with avirulent Pst until 40 hpt and also virulent
Pst induced PCC1 for about 24 hpt. Up-regulation of PCC1 was dependent on a functional
salicylic acid defence-signalling pathway since it was not induced or expressed in NahG
plants. Moreover, control plants showed rhythmic PCC1 expression patterns. Detailed
expression analysis revealed that PCC1 shows a clear circadian rhythm with peaks of
expression at the end of the day in short and long day as well as permanent light conditions
(Sauerbrunn, and Schlaich, , 2004).
 Introduction 17
PCC1 is a gene encoding 81-amino acids. This makes it the largest member of a family with
five polypeptides ranging is size from 68 to 81 amino acids. The other four members share
with PCC1 not only a highly similar stretch of 50 N-terminal amino acids, but also a similar
genomic organisation. Therefore, it seems likely that all members of this family are derived
from a common ancestor with the duplication events occurring at different times.
The purpose of this thesis was to test the hypothesis that other members of the PCC1 gene
family might also play a role in the reponse of Arabidopsis to pathogen attack. To this end,
the regulation of their expression and its dependence on the known defence signalling
pathways was investigated. The possibility that there might be functional redundancy within
the gene family was also considered.
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2 MATERIALS AND METHODS
2-1 Organisms
2-1-1 Plants
Arabidopsis thaliana ecotype Columbia (Col-0) plants were used for PCC1 superfamily
expression analyses and making BPR1 overexpression and RNAi plants. We used 10
Arabidopsis accessions including: Ct-1, Oy-0, Cvi-0, St-0, Shakdara, Mt-0, Mh-1, Ms-0, Ta-0
and Bur-0, to study PCC1 superfamily polymorphism. We got the seeds from NASC
(Nottingham Arabidopsis Stock Centre). In order to consider role of BPR1 and PCC1 in SA
and JA signalling pathway, we used some mutants which were deficient in these signalling
pathway including: rps2 (Kunkel et al., 1993; Yu et al., 1993), ndr1 (Century et al., 1995),
A11 (Tornero et al., 2002), eds1(Parker et al., 1996), eds5 (Rogers and Ausubel, 1997;
Nawrath and Métraux, 1999), sid2 (Matthew et al.,2001), npr1 (Cao et al., 1994), coi1 (Feys
et al., 1994). BPR1 knockout mutants were gotten from NASC.
2-1-2 Bacteria
• Escherichia coli strains
DH5α. F-, Lambda-, recA1, endA1, hsdR17 (rK-, mK+), (lacZYA-argF), supE44, U169,
Φ80dlacZ∆M15, thi-1, gyrA96, relA1 (Hanahan, 1983). This bacterial strain possesses a
modified recombination system (recA1), which results in reduced recombination probability,
and lacks endonuclease (endA1). It was therefore used in the cloning experiments.
ER2566: New England BioLabs (Frankfurt).
XL1 Blue. endA1 gyrA96(nalR) thi-1 recA1 relA1 lac glnV44 F'[ ::Tn10 proAB+ lacIq
&Delta;(lacZ)M15] hsdR17(rK- mK+). This bacterium carries nalidixic acid resistant and
tetracycline resistant (carried on the F plasmid). Genes listed signify mutant alleles. Genes on
the F´ episome, however, are wild-type unless indicated otherwise.
200138: Stratagene (USA).
BL21(DE3). F– ompT gal dcm lon hsdSB(rB- mB-), lambda;(DE3) an E. coli B strain with
DE3, a lambda; prophage carrying the T7 RNA polymerase gene and lacIq. Derived from
B834 (Wood, 1966) by transducing to Met+. See the original Studier paper (Studier and
Moffatt, 1986) for more details. We used it for protein expression.
B 2935: Sigma (USA).
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• Agrobacterium tumefacien strain
GV3101 (pMP90RK): Gmr, Kmr, Rif r (Koncz and Schell, 1986). This Agrobacterium strain
contains a non-oncogenic Ti plasmid pMP90RK that represents one component of the binary
vector system described by the above authors. This plasmid contains the vir-region as well as
the genes for gentamycin and kanamycin resistances. After introduction of derivatives of the
plasmid pS, this bacterial strain was used for the transformation of A. thaliana plants.
2-1-3 Yeast (Saccharomyses cerevisiae)
• EGY48 was used in LexA two-hybrid system. It is deficient for HIS, LEU, TRP and URA
and can not grow on minimal medium lacking one of those nutrients unless the corresponding
functional genes are introduced by transformation or mating (Estojak et al., 1995).
K1609-1: Clontech (USA)
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2-2 Vectors
name of plasmid backbone cloning Marker
35S::BPR1
Figure: 27
pJawohl3-RNAi
(Ülker, Max-Planck-
Institut,. Cologne)
CDS of BPR1 cloned
between BamH1 and
Spe1.
AmpR in E.coli;
 CarbR in Agro ;
BASTAR in
plants
BPR1 RNAi
Figure: 32
pJawohl3-RNAi
(Ülker, Max-Planck-
Institut,. Cologne)
CDS of BPR1 cloned
between BamH1 and
HindIII reverse CDS
of BPR1 cloned
between EcoR1 and
Spe1.
AmpR in E.coli;
 CarbR in Agro;
BASTAR in
plants
Yeast-two-hybrid
BPR1 bait vector
Figure: 52
pLexA
(Gyuris et al., 1993)
CDS of BPR1 cloned
between EcoR1 and
Xho1.
AmpR in E.col
BPR1 bacterial protein
expression vector
Figure: 49
pGEX-5X-1
(GE Healthcare life
sciences England)
CDS of BPR1 cloned
between EcoR1 and
Not1.
AmpR in E.col
pGINAB+BPR1 promoter PGINAB
(HAUSMANN,L;
TÖPFER, R. GenBank
Acc.-No. AY234330)
BPR1 promoter
cloned between
AmpR in E.col
BPR1 Promoter + GUS
Figure: 44
pLH7000
(HAUSMANN,L;
TÖPFER, R. GenBank
Acc.-No. AY234330)
BPR1 promoter
cloned between
BamH1 and Nco1.
AmpR in E.coli;
 CarbR in Agro;
BASTAR in
plants
2-3 Seed Cultivation
Seeds were cultivated on a mixture of 3 times Einheitserde VM and 1 times sand. Plants were
grown under 150µ Einsteins m-2 s-1 in 8.5 h light/15.5 h dark cycles with 18-20 °C. Knockout
BPR1 seeds were cultivated on MS (Murashige and Skoog, 1962) medium with kanamycin
antibiotic.
Protocol Seed sterilization:
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• Add 1mL ethanol (70 %), rotate them for 5 min.
• Spin (short), remove ethanol
• Add 1 mL ethanol (95 %), let sit for 2 min.
• Spin (short), remove ethanol
• Wash 3 times with sterile water
•  plate on MS media
• Store for 2 days at 4°C (dark)
• Transfer to growth chamber
Murashige & Skoog Salt Mixture medium (1 L):
• Take 0.22 % MS (Murashige & Skoog Salt Mixture, powder, Gibco Corporation)
• Add 8 g agar.
• Fill to 1000 mL with ddH2O.
• Autoclave (~20min).
• Cool to ~60°C.
• Pour to plates.
2-4 Molecular methods
2-4–1 Isolation of plasmid DNA
Plasmid mini and maxi prep kits (Peqlab and Qiagen) were used to isolate plasmid DNA from
transformed DH5α and XL1Blue bacteria (competent E. coli strain) that were transformed
with different constructs according to the instructions provided with this kits. For verification
of quality and quantity, 2-5 µl of the total DNA eluate were visualized on a 1% (w/v) agarose
gel containing ethidium bromide.
2-4-2 Isolation of plant genomic DNA (Koch et al., in prep)
Materials:
• Extractionbuffer: 100 mM TRIS-HCl pH 8,5; 100 mM NaCl; 10 mM EDTA
pH 8,0; 2% (W/v) SDS.
• 1 x TE: 10 mM TRIS-HCl pH 8,0; 1 mM EDTA pH 8,0.
• 3M Natrium-acetat pH 5,2.
• 70 % ethanol.
• 100% ethanol.
• Chloroform = Chloroform : Isoamylalcohol 24:1.
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• Phenol:Chloroform:Isoamylalcohol (25:24:1).
Procedure:
• Grind 4x 0.25 g of young (!) leaves in liquid N2 to very fine powder.
• Add 0.7 mL extraction-buffer to 2 mL Eppi on ice, transfer leaf poweder to
Eppi and immediately mix by shaking.
• Add 0.7 mL Phenol/ Chloroform/Isoamylalcohol and vortex 1 min.
• Separate phases by centrifugation at 4°C for 3 min, 15,300 rpm.
• Transfer upper aqueous phase in new Eppi, add 0.7 mL
Chloroform/Isoamylalcohol and vortex 1 min.
• Transfer upper aqueous phase in new Eppi, add 0.7 mL
Chloroform/Isoamylalcohol and vortex 1 min.
• Separate phases by centrifugation at 4°C for 3 min, 15,300 rpm.
• Transfer upper aqueous phase in new Eppi and add 1/10 Vol 3 M NaAc pH
5,2 (greenish solution turns violett-colorless) and add 2 volume 100 %
ethanol.
• Pellet DNA by centrifugation at 4°C for 10 min, 15,300 rpm.
• Resuspend PEL in 550 µl 1x TE (if necessary warm to 65°C).
• Add 5 µl RNase A (10 mg mL-1), incubate 1 hour at 37°C .
• extract with 200 µL Phenol/Chloroform/Isoamylalcohol  (for Arabidopsis,
Rape and rice it is not necessary. but for Pea and Barley  yes it is necessary).
• Separate phases by centrifugation at 4°C for 3 min, 15,300 rpm.
• do 200 µL Chloroform/Isoamylalcohol extractions until no interphase is
visible.
• Transfer upper aqueous phase in new Eppi and add 1/10 Vol 3 M NaAc pH
5,2 and add 2 volume 100 % ethanol. Resuspend DNA PEL in minimal
volume of TE (ca. 30µL); check 1 µL on agarose gel.
2-4-3 Isolation of DNA fragments from agarose gel
To isolate DNA fragments (70 bp - 10 kb) from agarose gels, the Peqlab gel extraction kit was
employed according to the manufacturer’s instruction.
2-4-4 Polymerase chain reaction (PCR)
Polymerase chain reaction (PCR) is a method for enzymatic amplification and modification of
a target DNA sequence flanked by two known sequences (Saiki et al., 1988).
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• Take 7 µL moltag RED Mastermix (Molzym).
• Add 10 µL Sterile water.
• Add 1 µL of forward and reverse primers
• Add 250 ng DNA as template
• Adjust PCR machine with 95°C for 2 min; 95°C for 1 min (denaturation); 55°C for 30 s
(annealing); 75°C for 1 min (extention); 35 times repeats from step 2; 75°C for 5 min
(extension); 4°C  for ever.
• Put PCR tube into  PCR machine an start it.
2-4-5 Restriction enzyme digestion
Restriction and ligation reactions were performed essentially as described in Sabrook and
Russel (2002).
2-4-6 DNA sequencing
Sequencing reactions were kindly performed by Jost Muth and colleagues at the Institute of
Molecular Biotechnology, RWTH Aachen. 20 pmol of the used primers were added to 1.2-
1.5 µg of plasmid DNA and sequencing reactions were performed using the di-desoxy chain
termination method with labeled nucleotides and a cycle sequencing protocol (Sanger et al.,
1977).
2-4-7 Isolation of total RNA from plant leaves (Sauerbruun and Schlaich, 2004)
Materials:
• Extraction buffer: 100 mM LiCl; 100 mM TRIS pH 8,0; 10 mM EDTA; 1 % SDS
• Phenol (TRIS pH 8,0 equilibrated)
• Chloroform / Isoamylalcohol 24:1
• 10 M LiCl2
• 100% ethanol
• Na-acetate 3 M (preprared with RNase free water)
• RNase-free water
Procedure:
• Cool mortar with liquid nitrogen and spoon and handle.
• Pulverize approximately 1 g of leaves in liquid nitrogen.
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•  Fill powder into three 2 mL Eppi tubes that two of them containing ice cold 400 µL of
extraction buffer and one of them put only in liquid nitrogen after filling with powder for
future use
• Vortex mix completely.
• Add 400 µL of phenol (TRIS pH 8 equilibrated) vortex.
• Add 400 µL chloroform / Isoamylalcohol; vortex.
• Leave on ice until all samples are ready.
• Vortex and spin 10 min full speed in microfuge at 4°C.
• Extract upper aqueous phase two more times with 400 µL Chloroform /Isoamylalcohol.
• Transfer aqueous phase into new Eppi tube; add ¼ vol. of 10 M LiCl2 (prepared with
RNase-free water, i.e. taken directly from the Millipore machine and autoclaved).
• Mix and leave overnight on ice in cold room.
• Spin 30 min at 4°C.
• Remove SUP by decanting/pipetting.
• Resuspend PEL in 250 µL of RNase-free water.
• Add 750 µL of ethanol (pipet two or three times until bubbles go out) and 25 µL of 3 M
Na-acetate (prepared with RNase free water) vortex.
• Let precipitate for 30 min at –20°C.
• Spin 30 min at 4°C.
• Decant/pipette off SUP, briefly air dry PEL (put under hood for five minutes).
• Resuspend PEL in 20-40 µL RNase-free water.
• Repeatedly mix in thermomixer set at 4°C, 20 min, some times vortex.
• Heat for 2 min to 57°C if necessary briefly spin down condensate in lid (sometimes mix
by hand).
• Mix again at 4°C.
• Leave in -20 °C.
2-4-8 First strand cDNA synthesis from RNA
• Take 5 µL of RNA (1 µg).
• Add 40 µL DNAse1.
• Digest 2 hours at room temperature.
• Heat at 90 °C, 5 min (stop DNase activity).
• Place on ice.
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• Take about 0.5-5 µg RNA (have to measure RNA amount after extraction by
spectrophotometer at 260 nm and for purity use ratio 260/280 nm
       C [µg mL-1] = OD260 nm * V * F
      C [µmol mL-1]  =   OD260 nm * V * F
                                       Mw  *   L
      V = Dilution Factor =100 or ....
      F = Multiplication factor  dDNA = 50, ssDNA = 37, RNA = 40
     Mw=Molecular weight
      L = length of sequence (kb)
      Be careful about another dilution by DNase 1 (5 to 40).
• Add 1µL oligo dT primer.
• Add 9 µL bidest water (variable) in the end of this stage total volume must be 11µL.
• Put at 70 °C, 5 min (can use PCR programme and after every stage click pause button and
add the rest and do the next temperature treatment).
• Add
5 * reaction buffer    4 µL
RNAse inhibitor        1 µL
dNTP mix                  2 µL
Put in PCR machine 6 min at 37°C.
• Add RT-Enzyme 1µL, put at 42°C .
• Put at 80 °C, at last 10 min and put at 4°C for ever.
2-4-9 Northern blot
Materials:
• 10x MOPS buffer: 200 mM MOPS; 50 mM sodium acetate; 10 mM EDTA; adjust pH to
7.0 with NaOH.
• 20 x SSC: 3.0 M NaCl ; 0.3 M Citric acid- mono hydrate: adjust pH to 7.0 with NaOH.
• 37% Formaldehyde.
• Ethidium bromide.
• 2x RNA loading buffer (MBI Fermentas, St. Leon-Rot, Germany)
• RNase-free water.
• Agarose.
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• 3Mm Whatman paper.
• Nylon membrane.
• Paper towels.
• Stratalinker at “AUTO” setting.
Procedure:
• Dry 20 µg total RNA per lane in speedvac (for 4 lanes take 80 µg total RNA).
• Dissolve dried RNA in 10 µL RNase-free water and 10 µL 2x RNA loading) by
incubating at 65°C shaking for 10 min ( for 4 lanes take 42 µL RNase-free water and 43
µL 2x RNA loading buffer.
• Load 20 µg RNA (=20µL) on a 1% Agarose gel (dissolve 1.6 g Agarose by boiling in16
mL 10x MOPS buffer + 130 mL RNase-free water; after cooling to 55°C add 17.5 mL
37% Formaldehyde and 150 µg Ethidium bromide (both are toxic: use gloves and do
everything under the fume hood!!!) (do not need to Ethidium bromide because add it to
loading buffer).
• Run gel with 3V per cm-2 in 1x MOPS buffer until fast blue dye has migrated about 7 cm.
• Take a publishing quality picture of gel on UV-plate after the run.
• Place 2 of 3 MM Whatman papers on the paper bridge and wet them completely and flat
them carefully, and upset gel on it, float the nitrocellulose filter on surface of dish that gel
placed into it, place 3MM Whatman paper ( membrane touch completely they have to be
wet with 6*SSC, make sure no air bubbles between them and gel. 5- Paper towels  6 cm,
5- plastic plate, 6- bottle (Figure 6).
:
Transfer solution
Handkerchief
Glass
3MM Whatman paper
Membrane
Gel (well to down)
1 Whatman paper
Heavy bottle 500gFigure 6. Northern blot assembly.
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• Transfer RNA onto positively charged nylon membrane using RNase-free 6xSSC for
more than 16 hours.
• Cross-link RNA to membrane using Stratalinker at “AUTO” setting.
• Staining membrane with Methylene blue (with shaker 1-2 min and washing with destilled
water 3 times until background be white and mark ladder with pencil.
• Put in a plastic packet.
• Store membrane until use (short-term) at +4°C slightly moistened with RNase-free, sterile
6xSSC.
• Or store membrane in –20 °C for long time.
2-5 Microbiological methods
2-5-1 Collection of fungal spores (Botrytis and Alternaria)
We collected the fungi as described by Broekaert et al.(1990).
Materials:
• 6CA (six cereal agar): 20 g L-1 of 6 cereal instant flakes (Nestlé) and 15 g L-1 of agar in
1,000 mL water (autoclaved).
• Autoclaved water
• Autoclaved 50 % glycerol
• Sterile microtubes
• broad spatula
• Plugged glass funnel with glass wool or ‘Miracloth’ wrapped in aluminium foil and
autoclaved.
Procedure:
• Pour petri dishes with 6CA.
• Transfer a mycelium plug to the center of a 6CA medium.
• Seal with parafilm.
• Grow at RT under white fluorescent light.
• Check spore formation: place a mycelium plug in a drop of water on a slide, and analyze
under the microscope.
• Cover each petri dish with 5 to 10 mL of sterile H2O. Rub surface with a sterila spatula.
Filter the suspension containing mycelium and spores over a sterile glasswool or
miracloth-plugged funnel and collect the spore suspension in a sterile polypropylene
centrifuge tube.
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• Note : some hydrophobic spores like those of Pyrenophora or Alternaria need to be
suspended in 0.01 % Tween 20.
• Wash the spore suspension twice by centrifugation (4,000 rpm; 15 min) and resuspend in
water.
• Determine the spore density in a Thoma chamber or a related haematocytometric
chamber.
• Adjust the spore density to 4 x 107 spores mL-1. Transfer 4 x 600 µL to 4 sterile
microtubes. To each tube add 600 µL 50 % glyerol. Vortex each tube and transfer their
contents in 100 µL aliquots in 40 sterile microtubes. Store at -80°C.
• Some fungal spores can be stored at 4°C for several months (e.g. : Pyrenophora, Botrytis,
Fusarium, Ascochyta, Trichoderma, Nectria). For these fungi transfer 100 µL aliquots of
the spore suspension (2 x 107 spores per mL) to 10 sterile microtubes containing 100 µL
of sterile H2O. Store at 4°C.
• The yields from 10 petri dish cultures varies from 107 to 109 spores, depending on the
fungus.
2-5-2 Infection of Arabidopsis with Alternaria brassicicola
Materials:
• Conidial spores of Alternaria brassicicola strain MUCL 20297 are harvested as described
in protocol “SPOR-PRE.DOC”. Spores should be diluted in sterile distilled water to a
final density of 5x105 spores mL-1. Spores can be either harvested freshly from agar
cultures or made up from a stock of spores (2x107 spores mL-1) in 25 % glycerol stored at
–80°C. Frozen spore suspensions should be thawed quickly by holding the tubes in the
palm of the hand.
Procedure:
• Apply 5 µL droplets of spore suspension on the leaves (for instance 3 or 5 drops per leaf)
of 4- to 5-week-old Arabidopsis plants.
• Place pots containing inoculated plants in a propagator with a clear polystyrene lid.
Irrigate the bottom of the propagator before closing the lid, so that the humidity builds up
close to 100%.
• Incubate the plants in a growth chamber at 22°C. View lesion development (usually
visible as from 2 to 3 days after inoculation) and, if desired, spore formation at the edge of
the lesion (usually visible 4 to 6 days after inoculation). In planta formed conidiospores
are bigger, contain more cells and are more hyaline than spores formed on a growth
Materials and Methods 29
medium in vitro. In planta formed conidiospores are generally not seen on incompatible
Arabidopsis genotypes such as Col-0, but are formed on particular mutants such as the
camalexin-deficient mutant pad3 (Thomma et al., 1999).
2-5-3 Infection of Arabidopsis with Botrytis cinerea
Materials:
• Half strength potato dextrose broth (from Difco). Make up as 12 g L-1 . Autoclave.
• Conidial spores of Botrytis cinerea (anamorph of Botryotinia fuckeliana) strain MUCL
30158 or IMI169558 are harvested as described in2-5-2. Spores should be diluted in half
strength potato dextrose broth to a final density of 5x105 spores mL-1. Spores can be either
harvested freshly from agar cultures or made up from a stock of spores (2x107 spores per
mL) in 25% glycerol stored at –80°C. Frozen spore suspensions should be thawed quickly
by holding the tubes in the palm of the hand.
Procedure:
• Apply wounds with a needle to leaves of 4- to 5-week-old Arabidopsis plants. Make 3 to 5
wounds per leaf.
• Apply 5 µL droplets of spore suspension on the leaves (for instance 3 or 5 drops per leaf)
on the wound sites.
• Place pots containing inoculated plants in a propagator with a clear polystyrene lid.
Irrigate the bottom of the propagator before closing the lid, so that the humidity builds up
close to 100%.
• Incubate the plants in a growth chamber at 22°C. Observe lesion development, sporulation
and plant decay over a period of 12 days after inoculation.
• Remark: Strain MUCL 30158 is more aggressive than IMI169558. If problems with low
infectivity occur, it can help to lower the light intensity (Thomma et al., 1998).
2-5-4 Culture of bacteria
2-5-4-1 Culture of Pseudomonas syringae
Materials:
• KB: 20 g L-1 Peptone (proteose); 1,59 g L-1 K2HPO4; 10 mL L-1 (=12 g) Glycerol; adjust
pH to 7,2 with 1 mL 5% H3PO4; add 15 g L-1 agar for solid medium.
Procedure:
• Melt KB solid medium in microwave.
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• Add appropriate antibiotic to the medium (37 °C ).
• Pour medium in two small plates.
• Inoculate plates with BK (Barbara Kunkel) kept in –80 °C freezer.
• Incubate at 28 °C for two days.
• pour 10 mL of liquid medium in bottles.
• Add 10 µL Tet and 10 µL Rif to both them.
• Place on shaker at 28 ° C overnight.
• Centrifuge 15 min at 28 °C, 5000 – 6000 rpm.
• Throw supernatant away.
• Resuspend pellet in 10 mM MgCl2 with loop (10 mL of the same medium volume)
• Dilute them 1/10 with MgCl2, if they have high concentration, (spectrophotometer can
read a range between, 0,1 – 0,5 ).
• Measure CFU with spectrophotometer.
• Dilute solution to 3 forms: 5 * 107 , 5 * 106 , 5 * 105 ( need 1,5 mL per pot ).
• Infiltrate plants.
2-5-4-2 Infiltration of P. syringae
• Take six weeks old plants from growth chamber and label the best leaves.
• Spray on them with tap water.
• Spray on the lid of tray.
• Close the lid of tray.
• Wait 30 min.
• Infiltrate from the lowest concentration at first with syringe.
• Dry the back of leaves.
• Put them in growth chamber.
2-5-4-3 Culture of Escherichia coli
Materials:
LB: 10 g L-1 Bacto-Tryptone; 5 g L-1 Bacto-Yeast extract; 10 g L-1 NaCl; add
distilled H2O to make a final volume of 1 L; adjust the pH to 7.0 with 5 N NaOH
(0.2 mL); Sterilize by autoclaving for 20 minutes.
Procedure:
• E. coli was cultured in LB medium on a platform shaker at 37°C.
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2-5-4-4 Culture of Agrobacterium tumefaciens
Materials:
YEP: 10 g L-1 peptone; 10 g L-1 yeast extract; 5 g L-1 NaCl; adjust pH to 7,0 with 1 mL 5N
NaOH; add 15 g L-1 agar solid medium.
Procedure:
• A. tumefaciens was culture un YEB medium at 28°C.
2-5-5 Infiltration and Re-isolation of P. syringae
Procedure:
• Start a 10 mL liquid culture of King’sB medium containing the appropriate antibiotics (for Pst
DC3000: Rif50/Tet10; for Psm ES4326: Rif50/Kan25) in a 50 mL Erlenmeyer flask.
• Incubate overnight at 28°C shaking at >200rpm.
• Mark three leaves of the plants you want to infiltrate with a blue (!) Edding 3000 pen on one
half of the leaf blade (the other is going to be infiltrated).
• Next morning bring plants to the lab and spray them with water, cover them with a lid that
was also sprayed with water and place in a well lit place; creates high humidity so that
stomata will open.
• Harvest over-night culture by centrifugation at 2,000x g and resuspend bacterial PEL in 10
mL 10 mM MgCl2.
• Measure OD600nm of a 1:5 dilution (800 µL 10 mM MgCl2+200 µL bacterial suspension);
OD600nm of 1 is equivalent to 109 colony forming units (cfu) mL-1.
• Adjust bacterial concentration to 5x105 cfu·mL-1 with 10 mM MgCl2.
• Infiltrate into three leaf-halves per Arabidopsis plants; infiltrate three Arabidopsis plants per
time point.
• Once you have infiltrated all plants, start to harvest of t=0 samples.
• Using the lid of a PCR tube, punch out a leaf disc from the infiltrated area of each plant (three
leaves on three plants = 9 leaf discs).
• Place leaf discs into Eppi tube in which 200 µL 10 mM MgCl2 have been dispensed; store on
ice until further use.
• Homogenize leaf discs using the conical metal-drill until a green mush with no clumps has
been formed; CAUTION: while drilling do NOT allow the sample to get warm!
• Make the appropriate dilutions for t = 0: 1:50; 1:250, 1:1’000 and 1:5’000 and plate in
duplicate 100 µL onto King’sB plates containing the appropriate antibiotics.
• Incubate at 28°C for two to three days.
• Count the Pseudomonas colonies and convert your counts into cfu/leaf disc.
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• Repeat procedure for t = 72 h from step 10 on, however, make the following dilutions: 1:500,
1:2’500, 1:10’000 and 1:50'000.
2-5-6 Transformation of bacteria
2-5-6-1 Making of and transformation of electrocompetent E. coli
Materials:
• 2xYT: 16 g L-1 tryptone; 10 g L-1 yeast extract; 5 g L-1 NaCl; adjust pH to 7 with 3 mL 1 N
NaOH; add 15 g L-1 agar for solid medium.
• Sterile 10% glycerol
• Sterile water
Procedure:
• Add about 2 mL of 2xYT medium to sterile glass tube under sterile conditions.
• Add a small loop of E. coli from –80°C stock (thaw frozen culture only partially with
hand and return quickly to –80°C freezer).
• Allow bacteria to grow overnight at 37°C shaking at 200 - 220 rpm
• Dilute overnight culture at least 1:100 under sterile conditions in fresh medium (add about
2 mL overnight culture to 200 mL fresh medium in 1l Erlenmeyer flask).
• Measure OD600 nm  (1= 1*10 6 ) before placing culture in 37°C shaker.
• Precool Heraeus centrifuge to 4°C.
• When OD600 nm reaches 0.5 (approx. 2 hours), place Erlenmeyer flask in ice-water for 10
min.
• Harvest bacteria in cool Heraeus centrifuge for 5 min with 3,500 rpm at 4°C.
• Discard supernatant (SUP) and carefully resuspend E. coli pellet (PEL) with a sterile
plastic loop in 200 mL ice-cold sterile 10% glycerol, so that no clumps are left.
• Harvest bacteria in Heraeus centrifuge for 5 min with 3,500 rpm at 4°C.
• Discard SUP and carefully resuspend PEL with a sterile plastic loop in 100 mL ice-cold
sterile 10% glycerol, so that no clumps are left.
• Harvest bacteria in Heraeus centrifuge for 5 min with 3,500 rpm at 4°C.
• Discard SUP and carefully resuspend PEL with a sterile plastic loop in 5 mL ice-cold
sterile 10% glycerol, so that no clumps are left.
• Harvest bacteria in Heraeus centrifuge for 5 min with 3,500 rpm at 4°C.
• Discard SUP and carefully resuspend PEL with a sterile plastic loop in remaining
glycerol, so that no clumps are left.
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• Keep solution of competent E. coli on ice.
• Place electroporation cuvettes on ice.
• Add 45 µL of competent E. coli to plasmid DNA.
• Incubate on ice for approx. 5 min.
• Switch on electroporation apparatus.
• Change setting to Ec2 (with arrow up button).
• Transfer E. coli with plasmid to electroporation cuvette, wipe cuvette with dry paper
towel, insert into sledge and press the “pulse” button (time constant should be around 5.8
ms).
• Immediately after the pulse add approx. 1 mL of ice-cold SOC- or 2xYT-medium to cells,
collect them from the cuvette with sterile Pasteur pipette and transfer them back into Eppi
tube.
• Rotate tube for about 1 hour at RT on the wheel.
• Plate 100 µL of electroporated E. coli on solid medium containing antibiotic.
• Collect remaining approx. 900 µL of E. coli by centrifugation at 7,000 rpm for 1 min.
• Discard most of the SUP and resuspend PEL in remaining 50 – 100 µL.
• Plate this onto solid medium containing antibiotics.
2-5-6-2 Making of and transformation of chemically competent E. coli according to
Inoue et al.(1990)
Materials:
• TB-JAP: 10 mM PIPES; 15 mM CaCl2 2H2O; 250 mM KCl; adjust to pH to 6.7 (KOH); 55
mM MnCl2; filter sterilize (forms brown precipitate when autoclaved or stored for longer
times at –20°C; then it is no good anymore and has to be discarded!).
Procedure:
• Start from single colony a 2.5 mL LB (for XL-1 Blue with Tet30; for MC1061 no
antibiotic!) overnight culture at 37°C.precool centrifuges and rotors (!).
• Inoculate 250 mL LB (for XL-1 Blue with Tet30; for MC1061 no antibiotic!) with o/n
culture and grow at 18°C (!) until OD600 of 0.6. Chill bacterial culture for 10 min in ice
water.
• Harvest bacteria at 4°C in sterile 50 mL blue cap tubes (4°C cold Heraeus: 2500x g, for 5
min).
• Resuspend bacterial pellet in 100 mL ice cold, sterile TB-JAP to which 2 mL DMSO have
been added.
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• Keep on ice for 5 min.
• Harvest bacteria at 2500x g, for 5 min in 4°C cold Heraeus.
• Resuspend bacterial pellet in 18.6 mL ice cold TB-JAP to which 1.4 mL DMSO have
been added.
• Keep on ice for 5 min.
• In cold room (!) dispense 100 µL aliquots into sterile tubes and immediately freeze in
liquid nitrogen.
• Store at –80°C.
2-5-6-3 Making of and transformation of chemical competent Agrobacterium cells
Materials:
• YEP medium
• Sterile 10% glycerol
Procedure:
• Grow 2 mL culture of Agro strain GV3101+pRK in YEP +Rif100 +Kan50 overnight at 28°C
shaking.
• Inoculate 100 mL YEP + Rif100 +Kan50 with 1 mL of over-night culture; shake at 250 rpm,
28°C until OD600 reaches 1-1,5 (might be 16-24 h).
• Chill cells in ice-water for 10 min.
• Harvest cells in Heraeus centrifuge at 3500 rpm 4°C for 5 min.
• Resuspend cell PEL in 100 mL ice-cold sterile 10% glycerol.
• Harvest cells in Heraeus centrifuge at 3500 rpm 4°C for 5 min
• Resuspend cell PEL in 10 mL ice-cold sterile 10% glycerol.
• Harvest cells in Heraeus centrifuge at 3500 rpm 4°C for 5 min.
• Resuspend cell PEL in 500 µL ice-cold sterile 10% glycerol.
• Aliquot 50 µL into cooled Eppi tubes and freeze in liquid N2
• Add 1µg of T-DNA plasmid to thawed cells.
• Let sit on ice for 3 min.
• Electroporate (2,5 kV, 200 Ohm, 25 µF) in 0.2 mm gap cuvettes (time constant should be
around 6,3).
• Add immediately 1 mL of YEP and incubate cells for 1 h on wheel after pulsing.
• Plate 50–100 µL on YEP containing Rif, Kan (and appropriate antibiotic for new plasmid);
incubate plates for 2- 3 days at 28°C until colonies appear.
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2-6 Biochemical methods
2-6-1 Recombinant protein expression in bacteria
Materials:
• 2 xYT
• SDS sample buffer (Laemmli-buffer): 
1x: 2x: 4x:
67 mM Tris pH6.8 125 mM Tris pH 6.8 250mM Tris pH6.8
10% Glycerol 20% glycerol 40% glycerol
2% SDS 4% SDS 8% SDS
2% β-mercapto-ethanol 4% β-mercapto-ethanol 8%β-mercapto-ethanol
bromophenolblue 0.01 % as color
• 1M IPTG
• glucose
• antibiotics
Procedure:
Experiment 1: our fused protein is induced?
• Start o/n culture (5 mL 2 xYT + 2 % glucose + antibiotics)
• Dilute 1:100 (for example 50 µL:5 mL 2 xYT) 2 xYT, 0.1% glucose without antibiotics
• Grow to mid-log phase OD600 = 0.6 - 0.9
• Take 1 mL aliquot in clean Eppendorf tube and place on ice (first sample)
• Add IPTG to final concentration of 1 mM IPTG (4 µL in 4 mL)
• Incubate 2 h at 37 °C
• Take 1 mL aliquot (second sample), and spin both samples for 5 min at max-speed at RT
• Resuspend the pre-induction cells (IPTG) in 75 µ 2 x SDS sample buffer and the post –
induction cells in 150 µL 2 x SDS sample buffer
• Boil the samples for 5 min in boiling water
• Load 10 µL of each sample on a 10 % SDS PAGE
Experiment 2: what is the fraction between soluble and insoluble our fused protein?
• Follow steps 1 to 7 from experiment 1
• Add 50 µL Bug Buster NT matrix to each sample and resuspend the cell-pellet
• Rotate the tubes head over head for 15 min at RT
• Spin down 15 min full speed at 4°C
• Take supernatant (soluble proteins)into new Eppendorf tubes
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• Resuspend pellet with 75 µL 2 x SDS sample buffer and boil them 5 min in boiling water
and load 5 µL on the gel
• Add 12 µL 4 x SDS sample buffer to supernatant  boil them 5 min and load 5 µL on the
gel
2-6-2 Purification of GST-fusion protein proteins by GST column (according to Danja
Schünemann (Bochum) and Clontech)
Materials:
• Glutathione resin slurry
• 1 x TBS (25 mM Tris pH 7.5; 100 mM NaCl)
• 2 x SDS sample buffer
• 1M IPTG
• Lysis buffer (50 mM TRIS pH8; 300 mM NaCl; 1 mM DTT/ 1% TritonX100; 1 mM
EDTA).
• Lysozyme
• DNAse
• Elution buffer (50 mM Tris pH8; 10 mM reduced glutathione)
• 1st regeneration buffer (100 mM TRIS pH 8.5; 500 mM NaCl)
• 2nd regeneration buffer (100 mM Na-acetate pH 4.5; 500 mM NaCl)
• 20% ethanol
Procedure:
• Do all steps at 4°C or on ice; precool all materials/centrifuges etc.!!!
• Resuspend glutathione resin slurry by shaking.
• Transfer 400 µL to 15mL blue cap and centrifuge in 4°C cold Heraeus centrifuge 1500
rpm for 5 min.
• Wash three times with 4 mL ice-cold 1xTBS, i.e. resuspend Glutathione resin with TBS
until no clumps are left.
• Pack resin in Pasteur pipette clogged with little glass wool; seal pipette with parafilm and
allow to settle air-bubble free in cold room until use.
• Dilute E. coli o/n cultures 1:30 (e.g. 1.5 mL o/n culture in 50 mL fresh medium).
• Shake at 37°C until OD600 nm reaches 0.7.
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• Remove 500 µL “NonInd Tot”sample into 1.5 mL Eppi, harvest bacteria for 2 min at 7000
rpm and resuspend PEL 100 µL 2 x SDS sample buffer, boil for 5 min at 99°C and store
at –20°C.
• Add IPTG from stock to make it 1 mM final conc. (e.g. add 500 µL of a 100 mM stock to
50 mL culture).
• Continue to grow at 37°C for 1 to 3 hours, chill culture in ice-bath for 5 min.
• Remove 500 µL “Ind Tot” sample into 1.5 mL Eppi, harvest bacteria for 2 min at 7000
rpm and resuspend PEL 100 µL 2x SDS sample buffer, boil for 5 min at 99°C and store at
–20°C.
• Harvest in ice-cold Heraeus centrifuge for 10 min at 3500 rpm.
• Resuspend bacterial PEL on ice in 2 mL lysis buffer .
• Add a few cristals of lysozyme and mix until solution becomes viscous.
• Add a few cristals of DNase until solution is again fluid like water; you may sonicate the
sample for 2 min at 50% pulses in an ice bath (avoid warming of sample during
sonication).
• Centrifuge for 30 min at full speed at 4°C.
• During centrifugation drain remaining TBS from glutathione resin.
• Equilibrate resin with 10 mL of lysis buffer drain from excess buffer and seal pipette
again with parafilm.
• Remove 50 µL “SUP” sample into 1.5 mL Eppi, mix with 100 µL 2x SDS sample buffer,
boil for 5 min at 99°C and store at –20°C.
• Resuspend PEL in 2 mL 1 x SDS sample buffer, boil for 5 min at 99°C and store at –20°C
as “PEL”.
• Apply SUP to glutathione resin in cold room; stir most of the resin so that it can mix with
the SUP; allow resin to settle air-bubble free for 20 min in cold room.
• Drain column (collect “flow through” in 2 mL Eppi! remove 50 µL “SUP” sample into 1.5
mL Eppi, mix with 100 µL 2 x SDS sample buffer, boil for 5 min at 99°C and store at –
20°C).
• Wash column three times with 5 mL lysis buffer (collect last time 1.5 mL “Wash”;
remove 50 µL sample into 1.5 mL Eppi, mix with 100 µL 2x SDS sample buffer, boil for
5 min at 99°C and store at –20°C.
• Elute three times with 500 µL elution; collect all three elutions separately!
• Regenerate resin by washing with 5 mL 1st regeneration buffer.
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• Wash with 5 mL of 2nd regeneration buffer.
• Repeat wash twice with 1st and 2nd regeneration buffer.
• Flush resin out of pipette into 15 mL blue cap resin with 5 mL of 20% EtOH.
• Spin in Heraeus for 5 min at 1500 rpm.
• Store resin in 1 mL 20% ethanol in the cold room.
2-6-3 Extraction of proteins from plant leaves
• Ground frozen leaves in liquid nitrogen to a fine powder with a mortar and pestles.
• Add the same amount of  2 x SDS sample buffer.
• Spin down (30000 x g) at 4°C for 15 min.
• Take supernatant and discard PEL.
2-6-4 Determination of protein concentrations in leaf extracts (Bradford, 1976)
Materials:
• Bradford reagent: 100 mg L-1 Coomassie Brilliant Blue G 250; 50mg L-1 ethanol 96%
(v/v); 100 mg L-1 phosphoric acid 85% (v/v)
• Bovine serum albumin pH 7.0 (Serva)
Procedure:
• Mix 2 µL of leaf protein with 1 mL of Bradford reagent.
• Incubate 15 min at RT.
• Measure the basic extinction, against a reagent blank prepared from 2 µL of the
corresponding extraction buffer and 1 mL of Bradford reagent at 595 nm wave length.
• Draw a standard curve in a range between 1 and 10 µg protein using Bovine serum
albumin pH 7.0 (Serva).
Materials and Methods 39
2-6-5 SDS-Polyacrylamide Gel electrophoresis
Materials:
7.5% 10% 12.5% 15% ~17.5% ~20%
H2O 1,52 0,88 0,08 -
1M Tris pH 8.7 4,5 4,5 4,5 4,5 4,5 4,5
2% PAA 1,8 1,8 1,8 1,8 1,8 1,8
20% SDS 0,024 0,024 0,024 0,024 0,024 0,024
30% Acrylamide 3 4 5 6,5 9,3 12,5
2% bis-
Acrylamide
1,16 0,8 0,6 0,52 0,32 0,26
10% APS 0,07 0,07 0,07 0,07 0,07 0,07
TEMED 0,04 0,04 0,04 0,04 0,04 0,04Table 1. SDS-PAGE separating gels  (amounts given in ml; 12 mL=sufficient for 2 mini-gels with 1
mm spacer).H2O 3,2  mL
1M Tris pH 6.8 0,625 mL
20% SDS 0,025 mL
30% acrylamide 0,85 mL
2%bisacrylamide 0,35 mL
10% APS 0,025 mL
TEMED 0,025 mL
• 5 X  Running Buffer: 15 g Tris Base; 72 g Glycine; 5 g  SDS; adjust pH to 8.3 (1 liter)
Procedure:
• Make SDS-polyacrylamide gels (for the stacking gel: 5 % (w/v) acrylamide/bisacrylamide
29:1, 0.125 M Tris/HCl, pH 6.8; for the separating (Laemmli, 1970) gel: 10 % (w/v)
acrylamide/bisacrylamide 29:1, 0.375 M Tris/HCl, pH 8.8) (Laemmli, 1970).
• Mix protein sample with 2 x SDS sample buffer.
• Boil at 95°C for 5 min.
• Chill on ice and spin down for 5 seconds.
• Harvest supernatant as protein sample.
Table 2. Stacking gel 5% (Add 10 µl of Bromophenolblue).
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• Load into submerged wells.
• Run SDS-PAGE gel with 1 x SDS-PGAE electrophoresis buffer for 120 min at 120 V/cm.
Stain it with Coomassie Berilliant Blue (2-6-6) or transfer onto a nitrocellulose membrane for
Western blot analysis (2-6-7) (Ausubel et al., 1994).
2-6-6 Rapid ethanol-based Coomassie Blue staining of SDS-polyacrylamide gels
Materials:
• Low-toxicity staining solution: 0.25g Coomassie Blue R-250; 100 mL ethanol; 100 mL
water. Stir until dye is completely dissolved, about one hour. Add 25 mL acetic acid and
make to 250 mL with water. Store at room temperature in a dark bottle. The final solution
is 0.1% Coomassie Blue, 10% acetic acid, 40% ethanol.
• Destaining solution: 400 mL ethanol; 100 mL acetic acid; make to 1000 mL with water.
Store at room temperature.
Procedure:
• Place minigel in a loosely covered glass or microwaveable plastic (e.g. tupperware)
container, ideally on top of plastic mesh if available.
• Cover gel with 250 mL of staining solution.
• Microwave loosely covered gel/stain on high for approximately 2 minutes or until the
solution just begins to boil. (Gels of 10-12% acrylamide are quite robust and will not be
damaged even if the solution is boiled for a few minutes.)
• Place the loosely covered gel/stain container on a slow shaker or simply leave on the
bench for 15-60 minutes. It is usually possible to discern bands after as little as 15
minutes.
• Remove stain from the container (it can be reused many times) and rinse the gel and gel
container with water to remove excess staining solution.
• Cover gel with 200-250 mL of destaining solution (staining solution minus dye).
• Microwave on high for approximately 2 minutes or until the solution just begins to boil.
• Place the loosely covered gel/stain container on a slow shaker or simply leave on the
bench for 1-24 hours. For rapid destaining, change the destaining solution after one hour
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and microwave. One to three changes are usually sufficient to visualize bands with a clear
background (2-4 hours total destaining time). For overnight destaining, place one large or
several small crumpled Kimwipe tissues in the detaining solution to bind up dye, and
agitate on a slow shaker.
• Destained gels are rinsed throroughly with and stored in distilled water. Rinsed gels can
be immediately dried in a membrane air-dryer for longer term preservation.
Bonus tip: 1.0 mm SDS-PAGE minigels run in Tris-glycine buffers can be safely run at 250
V constant voltage (twice the recommended voltage) without any degradation in separation
quality. This reduces running time from 90 minutes to about 40 minutes in our hands. Novex
claims you can go as high as 300 V, but I haven't had the inclination to try that with my gels.
2-6-7 Western blot
2-6-7-1 Wet blotting
Materials:
• Ponceau solution (RT): 0,2% PonceauS in  3% TCA(RT)
• 10 x TBS (RT): 87.7 g NaCL (1.5 M) + 60.5 g Tris/HCl (500 mM) total volume 1 L pH
7.5 autoclave it.
• 10 x blotting buffer (RT): 144 g Glycine (1.92 M) + 30 g Tris (250 mM) + 10 mL 20 %
SDS (0.2 %)
• Tris-Buffered Saline Tween-20 (TBST):
1. Dissolve 8.8 g of NaCl, 0.2 g of KCl, and 3 g of Tris base in 800 mL of distilled H2O.
2. Add 500 ul of Tween-20
3. Adjust the pH to 7.4 with HCl.
4. Add distilled H2O to 1 L.
5. Sterilize by autoclaving.
Procedure:
• Remove separating gel.
• Wet 4 blotting papers and Nitrocellulose membrane and sponges in 1x blotting buffer
(mix 100 mL 10x blotting buffer + 100 mL methanol and 800 mL d H2O) and wet them
completely).
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• Place sponge on plastic support.
• Place 2 blotting papers on the sponge on the black support (negative bar).
• Place gel on the papers without air bubbles (!) and smooth it .
• Mark nitrocellulose membrane to detect the sample direction and put on the gel .
• To remove air bubbles roll it with pipet.
• Place 2 blotting papers on sandwich and remove the bubbles.
• Close sandwich carefully.
• Push sandwich in the tank in which an ice block was placed before (lid of sandwich up).
• If protein of interest is of low molecular weight, adjust power supply to 300 mA for 90
min.
• Stain membrane with Ponceau S solution, to see the bands; destain with bidest.
• Transfer membrane to 10-15 mL of 1xTBST or 1xPBST + 5% milk for 30 min to 2 hours
to block the membrane at room temperature (if background is high try blocking at 37°C).
• Add 0,2 to 0,5 µL primary (specific) antibody and incubate it for 1.5 to 2 h at RT or
overnight at 4°C on rocking platform.
• Wash 5 times with plenty 1xTBST or PBST each time 5-10 min.
• Place membrane in 10-15 mL of 1xTBST + 5% milk and add secondary antibody-
conjugate (HRP=horseradish peroxidase) in our case anti rabbit IgG peroxidase.
• Incubate 45 min to 2 hours at RT on rocking platform.
• Wash 5 times with plenty of 1xTBST or PBST each time 5-10 min.
2-6-7-2 Semi dry blotting
Materials:
• Electrophoresis buffer
• Methanol
Procedure:
• Equilibrate PVDF membrane in 100% MetOH for approx. 30 min shaking at RT.
• Equilibrate 9 Whatman papers (and gel briefly) in 20 mL 10x electrophoresis buffer+ 20
mL methanol to total volume of 200 mL with distilled water.
• Assemble blot airbubble free(!).
• Place 3 blotting papers on the semi dry machine than mark PVDF membrane to detect
sample direction and side , and put on the papers.
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• Put gel on the membrane and place three equilibrated Whatman  papers on it and remove
bubbles by pipet rolling.
• Place the lid of machine and connect the electrodes.
• Blot for 30 min with 2.5 mA cm-2 gel (or, more gentle to proteins: 1 h at 1 mA cm-2 gel).
• After transfer stain proteins on PVDF membrane with PonceauS red.
• Kathode/Anode buffers can optionally contain 20% MetOH and 1% SDS.
2-7 Protein interaction using lexA Yeast-two-hybrid system
2-7-1 Quick while yeast cell extract procedure
Materials: Yeast medium: 1.7 g L-1 YNB (yeast nitrogene base); 5g L-1 (NH4)2SO4; 20 g L-1
Glucose; 0.7 g L-1 CSM (complement suplement mixture); For solid medium 18 g L-1 Agar ;
For Gal gene activation instead of glucose: 5 g L-1 D- rafinose and 10 g L-1 galactose.
Procedure:
• Choose singles clonies and streak them on ¼ of a petridish therefore you propagate a
single clony.
• Take each of them from dish and grow ~ 100 mL (50 mL is enough) culture overnight in
proper medium.
• Harvest yeast cell in 20 OD600 (for example: dilute 1/10 and measure OD600 =0.083 ,
multiple to 10 = 0.83, divide 20 to 0.83 = 23) by centrifugation in 3000 rpm, 3 min,
Heraeus centrifuge machine.
• Transfer into 2 mL safe lods Eppendorf ( with a extra part in lead that it make easy open
and close the lid) with ~ 1 mL H2O.
• Spin for 10 s, Eppendorf centrifuge with maximum speed.
• Suck off water.
• Add 400 µL 2 x SDS gel loading  buffer :
• Add glass beads (~ ¾ volume).
• Vortex 1 min
• Boil for 2 min at 95°C and vortex and repeat it (4 min boiling).
• Spin for 10 s, Eppendorf centrifuge, maximum speed.
• Transfer supernatant with 100 µL micropipet to new tube
• Ready to be loaded on the SDS gel or keep in –20 °C.
Materials and Methods 44
 2-7-2 Yeast plasmid extraction
Materials:
• Lysis buffer: 100 mM NaCl; 10 mM TRIS pH8.0;  1 mM EDTA; 0.1% SDS.
• Phenol: CHCl3: Isoamylalcohol 25: 24: 1.
Procedure:
• Pick a 2-3 mm yeast colony into 200 µL lysis buffer.
• Add an equal volume of glass beads
• Vortex vigorously for 1-2 min.
• Extract with phenol: CHCl3: Isoamylalcohol.
• Extract with CHCl3.
• Precipitate ethanol.
• Wash once with 80% ethanol.
• Resuspend in about 80 µL TE.
• Use 5 µL for PCR or 2 µL to transform E.coli.
2-7-3 Yeast transformation
Materials:
• 0,1 M Lithium acetate
• 1 M lithium acetate
• 50 % PEG
• Fish sperm DNA
Procedure:
• Add yeast to 5 mL YPD-medium in 100 mL Erlenmeyer flask, incubate it overnight in 28
°C.
• Measure OD600=0.2-0.3 increase medium to 50 mL, incubate 2 h at 28 °C until OD600
reaches to 0.6.
• Pour them to sterile 50 mL Falkon tube and spin it at RT for 5 min 2000 rpm.
• Throw away supernatant and wash pellet with 50 mL bidest autoclaved water and spin for
5 min at RT in 2000 rpm.
• Take the cell in 1 mL 0,1 M Lithium acetate in sterile 1.5 Eppendorf tube.
• Spin 15 s at RT in 14000 rpm.
• Throw away supernatant and resuspend pellet with 400 µL 0.1 M Lithium acetate by
pipet, vortex shortly.
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• Take 50 µL cell suspension, centrifuge shortly , throw away supernatant.
• Add: 240 µL PEG (50 % polyethylene glycol)
• 36 µL 1M Lithium acetate
• 10 µL Fish sperm-DNA (10 mg mL-1)
• X µL plasmid (1µg/partner).
• X sterile water.
• Total volume 360 µL.
• Incubate 1 min RT, than vortex.
• Incubate 30 min at 28 °C on rotator.
• Add 36 µL sterile water incubate 15 min at 42 °C.
• Spin 15 s RT 6000 rpm.
• Aliquote them in 200 µL parts.
• Strike 100 µL of them on each plate.
2-8 GUS histochemical analyses
2-8-1 Quick GUS staining protocol I (from Blazquez, M)
Materials:
stock solutions:
• 100 mM ferrocyanide in water (keep at 4°C in the dark)
• 100 mM ferricyanide in water (keep at 4°C in the dark)
• 100 mM X-Gluc in Dimethylformamide (keep in the dark at –20°C)
• 10% Triton X-100
• 500 mM Sodium phosphate buffer pH7.2
• Staining solution: 0.2% Triton X-100; 50 mM sodium phosphate buffer; 2 mM ferro, ferri
and X-Gluc.
• (We make a big stock of this solution without the X-Gluc, and add the X-Gluc only to the
amount that we need each time).
• FAA: 50% etanol; 5% formaldehyde; 10% acetic acid
Procedure:
• Cut the tissue and put it into 95% cold acetone (we keep it in the freezer and it does not
freeze) for about 15 min at room temperature (prefixation). We usually use 15mL blue cap
tubes.
• Remove the acetone, rinse tissue once with water.
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• Add the staining buffer (with the X-Gluc).
• Put the tube in ice in a vacuum chamber, and infiltrate for 15 min. Release and apply the
vacuum several times until tissue sinks (may not sink).
• Incubate at 37°C (the time depends on the strength of the promoter that you are analyzing)
can be overnight.
• Remove the staining solution and add 40% EtOH. Keep at room temperature for about 30
min.
• The same with FAA.
• And the same with 70% EtOH. The longer you leave in 70% EtOH, the better is the
destaining.
• replace EtOH with 50% glycerol and store this way.
• place tissue onto glass slides in 50% glycerol.
• You may stop here and take pictures, or keep the samples in the refrigerator for up to one
month.
2-8-2 GUS staining protocol II (Protz, RWTH Aachen)
Materials:
• Staining solution: 500 mg L-1 X-Glucuronide (solve in 5 mL dimethyfromamid) 50 mM
sodium phosphate buffer (pH 7.0).
• Fixation solution: 3.0% formaldehyd; 0.3 M mannitol; 10 mM MES;  (pH 5.6).
Procedure:
• Cut the tissue and fix them into fixation solution for 45 min.
• Wash tissue two times with 50mM sodium phosphate buffer.
• Incubate overnight into staining solution (depends to promoter).
• Destaining with 70% etanol until chlorophyll is washed (it lasts for 2 weeks).
• Or destainig with Quick GUS staining protocol I (from Blazquez) method as we did.
2-9 Generation and characterization of transgenic plants
2-9-1 Transformation of Arabidopsis plants through Agrobacterium-mediated floral dip
transformation(Clough et al., 1998)
• Grow 2 – 4 plants per 25 cm2 pot at 24°C day (150 µEinsteins m-2 s-1)/ 20°C night, 18 h
light.
• When most plants have first inflorescence, clip it.
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• Allow secondary inflorescence to regrow for 4 – 8 days (until 1 – 10 cm tall).
• Grow Agrobacterium culture for at least 48 h at 25°C- 28°C until OD600 of at least 2.
• Dilute bacteria into 5% sucrose; 0.04% Silwet L-77 to OD600 0.8.
• Submerge aerial parts of Arabidopsis into Agrobacterium solution for 3 – 10 min.
• Spray Arabidopsis inflorescences with left over bacteria until really wet.
• Return Arabidopsis into 16°C dark chamber covered with plastic dome for 16- 24 h.
• Return plants to regular growth conditions and harvest seeds from brown dried siliques.
2-9-2 Selection of the transgenic plants
• Sterilized seeds and cultivated on selective medium.
• Select resistance plants seedling  to BASTA (in our case) and transplant them.
• Harvest the seeds from resistance and cultivate them in next generation (30 plants).
• Select plants that show 3:1 resistance to sensitive segregation proporation (10 plants).
•  Cultivate half of the seeds form above mentioned 10 plants and look for homozygous plants.
• Select 3-4 homozygous plants and test them with molecular method.
2-10 Statistical analyses
Completely randomised design was used to compare root length of Col-0, BPR1 knockout and
two overexpression lines. It was performed with 4 above mentioned different plants and 162
replication for each. Therefore, in total 684 root length were measured. Root length means of
four different plants were compared with Duncun`s multiple mean comparison.
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3 RESULTS
In the process of PCC1 characterisation, it was found that there are several PCC1-like genes
in A. thaliana. Amino acid sequence comparison using BLAST with PCC1 showed that
PCC1 is the largest member of a superfamily of seven polypeptides ranging in size from 68 to
81 amino acids (At1g05340, At2g32190, At2g32200, At2g32210, At3g22235, At3g22240)
distributed between chromosomes 1, 2, and 3 (Figure 7).
The other six members share with PCC1 not only a highly similar stretch of 51 N-terminal
amino acids, but also a similar genomic organisation. Therefore, it seems likely that all
members of this family are derived from a common ancestor with the duplication events
occurring at different times. A multiple sequence alignment of PCC1 and its paralogs showed
that At3g22240 was very similar to PCC1 at the amino acid level. On the contrary, the 3
paralogs on chromosome 2 showed high identity to each other and the paralog on
chromosome 1 had more similarity to the 3 paralogs on chromosome 2 than to PCC1 and the
other paralogs on chromosome 3 (Figure 8).
Figure 7. Positions of PCC1 gene family members on the five A. thaliana chromosomes.
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At3g22240 MNPSEQNHLSVEKPSQTSSGPYTS-PPPIGYPTRDAMVGDPPAAAVETKSKG
At3g22235* MQIIDVIKEYLMLVMLPTLCLEYTLWMVVTMFYVSDYIYIYIYSVELGCRID
PCC1 MNQSAQNYFSVQKPSETSS-GPYTSPPPIGYPTRDAVVGDPPAAAVETNSKG
At2g32210 MSQYSQNQSSGAYPTPPVSTGPYVAPPPLGYPTNDTSHATVAT--VETKSKG
At2g32200 MSQYSQNQYA-------VSTGPYVAPPPLGYPTNDTTHATVAP--VETKSKG
At2g32190 MSQYSQNQSSGAYPTPPVSTGPYMTPPPLGYPTSDISHATVAP--VETKSKG
At1g05340 MSQYDHNQSAGANPPPPMSTCTSP-PPPIGYPTNQPSHGSVAQGKVETKSKG
Number 51
At3g22240 ---DGFWKGCCAAICCCCVLDACF. n=72
At3g22235 PSMIEPSVSNERMCFSSSRIDYH. n=75
PCC1 VNPEAIMSCFSTCMECIFCCGVCSSLCTSE. n=81
At2g32210 ---DGFLKGCLAAMCCCCVLDACF. n=71
At2g32200 ---DGFLKGCLATMLACCVLDACIF. n=68
At2g32190 ---DGFLKGCLAAMCCCCVLDACF. n=71
At1g05340 ---DGFFKGCLAAMCCCCALDICF. n=72Figure 8. Multiple amino acid sequence alignment of the PCC1 superfamily revealed high identity
between the three members on chromosome 2 and the one on chromosome 1, and these four genes
show more than 30 % identity to PCC1 at the amino acid sequence level.-1 Comparison of genomic DNA and cDNA of PCC1 paralogs
embers of this superfamily have different DNA sizes (from start codon to stop codon at
enomic DNA (gDNA) level), At3g22235, At3g22240, At1g05340, At2g32190, At2g32200,
t2g32210, and PCC1 with 1236, 820, 568, 505, 486, 478 and 478 bp from the biggest to the
mallest, respectively. The gDNA sequence and the perdicted complementary DNA (cDNA)
equence of At3g22240 from the database did not match with each other (gDNA sequence in
he database did not have any similarity to its own supposed cDNA nor to PCC1 but the
DNA sequence had high similarity to PCC1. Therefore, to test which sequence is correct,
hey were cloned from gDNA by PCR and from RNA by reverse transcription-PCR. DNA
as extracted from Col-0 plants. We designed specific primers for all PCC1 paralogs (table
), and the resultant PCR products were resolved on 1.8% agarose gels (Figure 9).
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Table 3. Sequence of primers specific for the various members of the PCC1 superfamily.
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27Name Forward primer Reverse primer
t3g22240 GAAAAACCTTCACAGACTTCTTC
G
CAACCATCCACAGAGTATATT
CCA
t3g22235 TGCTTCTGAGACTTCGGAATTAA
C
GTAACCCGTAATCCATTCACA
ACT
t1g05340 AAAACATTTTTCAGACACAAAAT
CA
TCACATCACATTCACATAAAC
TCG
t2g32210 GAGAAATCACAATCTATCTGTTC
CAA
TAGTCGAATCATTTTGGTAAA
GCA
t2g32200 ATGAGCCAATACAGTCAAAACCA
AT
ATAAACAATCGACTGCTTCCT
C
t2g32190 ACGATTTTCATTAAACACTTTTCA GAAGTTCCAAATGTCATACAAe primers were designed as forward primer in the 5`UTR near to the start codon and the
erse primer in the 3`UTR near to stop codon.
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1Figure 9. PCC1 paralogs PCR bands. Numbers on the left of each photo showed length of PCC1
superfamily gDNAs.e PCR bands were subcloned in the pGEM-T-easy vector and sequenced. Their sequence
nfirmed the TAIR data base sequence. For the cDNAs, RNA was extracted from four week
 Col-0 leaves. cDNA was made and amplified by PCR. PCR products ranged in size from
1 to 233 bp bands for At2g32190 to At2g32200, respectively (Figure 10).
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The bands were subcloned in pGEM-T easy and sequenced. Alignment of their sequences
with their predicted sequences confirmed the data base information for At3g22240 gDNA
sequence and we found also its corresponding cDNA; both sequences of that locus did not
match to PCC1 sequence (Table 4).
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303Table 4. Alignment of translation of gDNA from At3g22240 and PCC1 at the amino acid
sequence levelFigure 10. RT-PCR bands of PCC1 paralogs. Numbers to the left of each photo showed length of
PCC1 superfamily cDNAs.Another member of this superfamily, At3g22235.1 had similarity to PCC1 superfamily in
gDNA sequence level, whereas it did not have any similarity at the amino acid sequence level
because of an altered reading frame. Thus, there are only 5 members in this superfamily.
PCC1 superfamily genes are not only more than 30% identical and about 50% similar in
amino acid composition to PCC1, but also they are similar in the gene structure (number and
size of exons and introns). Initial RT-PCR experiments showed that all of them are expressed
in leaf-tissue. To address our questions, we performed
At3g22240 MRWLVILQPPQWRQSPRAMVFGKDVVLPYAAVVSWMHASETSELTISCKLLM
PCC1 MNQSAQNYFSVQKPSETSSGPYTSPPIGYPTRDAVVGDPPAAAVETNSKVNP
EAIMSCFSTCMECIFCCGVCSSLCTSE
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- An analysis of PCC1 superfamily expression in various conditions and mutant backgrounds.
As a result of these studies one paticular locus (At1g05340) was singled out for further
detailed study. This locus was associated with susceptibility to Botrytis and Pseudomonas and
altered root length phenotype. It was renamed BPR1 (Botrytis cinerea and Pseudomonas
syringae pv. phaseolicola susceptibility and Root length). Thus, we went on study :
- The function of BPR1 with 35S::BPR1, BPR1 antisense and T-DNA insertions in pathogen
defence and development
- Analysis of BPR1 expression throughout plant development with BPR1::GUS lines
- Natural variation of BPR1 and PCC1 in different A. thaliana ecotypes
- Generation of anti-BPR1 antibodies
- Setting up yeast two hybrid screen to search for BPR1-interacting proteins
Results of these experiments are presented in the following paragraphs.
3-2 Analysis of expression of the various PCC1 superfamily members in
different conditions and mutant backgrounds
Expression pattern analyses in various conditions and mutant backgrounds should help to
indicate a function or the genes. We tested the expression patterns of the members of the
PCC1 superfamily with Northern blot assays and using 32P labelled specific 30-50 nucleotide-
long single-strand antisense oligo-nucleotides as probes (Table 5).Table 5. PCC1 superfamily oligo-nucleotide probes3-2
Cir
cell
The
A
A
AName Specific oligo-nucleotide probes Hybridization target
PCC1 TCTGTCTCATCATGCTGATTTACTCTGATGTACAGAGG
C
exon 3 and 3`UTR
BPR1 CGGCGGTGGTGGTGATGTACAGGTAGACATCGGT
GG
exon 2
BPR1 TCACATCACATTCACATAAACTCGTCATAAATAGACC
ATCCC
3`UTR
t2g32210 AAATACAAAGATAATCAAAATAAACCATCTAAGTCT 3`UTR
t2g32200 AACAATCGACTGCTTCCTCCGAACTCAGAAAATGCAT exon 3 and 3`UTR
t2g32190 ACAATGATAAATAATTTGCATGAAACATCAAATAAAC 3`UTR-1 PCC1 superfamily members did not show rhythmic expression patterns
cadian rhythms control processes ranging from human sleep-wake cycles to cyanobacterial
 division. This is made possible by the circadian clock, an internal biochemical oscillator.
 circadian clock allows organisms to anticipate daily changes in the environment such as
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the onset of dawn and dusk, providing them with an adaptive advantage (Yan et al., 1998).
The circadian clock of plants controls many physiological and biochemical processes, such as
leaf and chloroplast movements, petal opening, flowering, protein phosphorylation and gene
expression (Barak et al., 2000; Lakin-Thomas, 2000; Roden and Carre, 2000; Roenneberg and
Merrow, 2000).
One important aspect of PCC1 expression was its circadian clock rhythm. PCC1 paralogs
were tested for this aspect. Four week-old Col-0 leaves were harvested from 8 00 in the
morning  until 4 00 on the next day with 4 h intervals in a short day experiment with 8 ½ h
light and 15 ½ h dark. Total RNA (50 µg) was blotted onto a membrane and hybridized with
32P-labelled BPR1- or PCC1-specific oligo-nucleotide probes. Initial experiments with 10 µg
total RNA per lane failed to detect transcripts from any of the PCC1-paralog genes, indicating
a low level of expression. Even with 50 µg total RNA per lane, experiments failed to detect
any of the PCC1 paralogs except BPR1 which showed a low basal expression throughout the
entire day and night. In comparison, PCC1 exhibited a rhythmic expression pattern. Levels of
its expression reached a peak at the end of the day and dropped to low levels during the dark
period (Figure 11).
  
RNA
PCC1
BPR1
       8                12                16                   20                 24                4TimeFigure 11. BPR1 is expressed at a low basal level throughout a 24 h day. However, PCC1 shows
circadian clock expression pattern. Northern blot analysis of 50 µg total RNA extracted from
leaves of Col-0. Time, time of day; BPR1 and PCC1, Autoradiographs after hybridization of the
membrane with 32P labelled BPR1 and PCC1 specific probes; RNA, RNA loading control; the
white and black boxes at the bottom present light /dark condition.3-2-2 BPR1 is induced by avirulent P. syringae (Pst)
Pst(avrRpt2) is known for its host specific interaction in Arabidopsis. This interaction results
in a hypersensitive response on a gene-for-gene resistance basis. We tested induction of BPR1
after exposure to Pst(avrRpt2) by Northern blot analysis. Total RNA (50 µg) from infiltrated
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six week-old Col-0 plants was blotted onto a membrane and hybridized with 32P-labelled
PCC1 superfamily specific oligo-nucleotide probes. Leaves were harvested immediately after
infiltration at t=0 (corresponding to 1000 clock day time), 2, 6, 12, 22, 26, 30 and 36 hours
past treatment (hpt). Accumulation of BPR1 transcripts was triggered immediately after
infiltration of leaves with Pst(avrRpt2) and continued until 36 hpt. Maximum steady-state
BPR1-transcript accumulation was at 22 hpt. There was no BPR1-transcript signal in control
plants which were infiltrated with 10 mM MgCl2. No signal could be detected for the three
PCC1 paralogs located on chromosome 2. As a control, the membrane was hybridized with a
32P-labelled PR1 specific probe (Figure 12).
     0     2     6      12    22    26    30   36       hpt        0       2     6     12    22   26    30    36
10    12   16     22    8     12    16   22  day time   10     12   16    22    8     12    16    22
RNA
           mock Pst+avrRpt2
BPR1
PR1Figure 12. BPR1 is induced after exposure to Pst(avrRpt2). Northern blot analysis of 50 µg total
RNA extracted from leaves of Col-0 plants. Pst+avrRpt2, plants were infiltrated with 5*106 cfu
ml-1 Pst(avrRpt2); mock, control plants were infiltrated with 10 mM MgCl2; BPR1 and PR1,
Autoradiographs after hybridization of the membrane with 32P labelled BPR1 and PCC1
specific probes; RNA, RNA loading control; day time, time of day; hpt, hour past treatment; the
white and black boxes at the bottom present light /dark condition.3-2-3 BPR1 was marginally induced by high concentrations of virulent Pst
Pst was one of the first pathogens to be demonstrated to infect Arabidopsis and to cause
disease symptoms in laboratory setting (Dangl et al., 1992; Dong et al., 1992). The
pathogenicity of Pst DC3000 depends on the type III secretion system that delivers virulence
effector proteins into host cells and on the phytotoxin coronatine (Zhao et al., 2003).
Expression of PCC1 superfamily members was tested after infiltration of Col-0 plants with a
high concentration of Pst DC3000. Leaves were harvested immediately after infiltration at t=0
(corresponding to 1000 clock day time), 2, 6, 12, 22, 26, 30 and 36 hpt. Total RNA (50 µg)
from infiltrated six week-old Col-0 plants was blotted onto a membrane and hybridized with
32P-labelled PCC1 superfamily specific oligo-nucleotide probes. Of the sequences tested only
BPR1 showed marginal induction at 22 until 36 hpt. The membrane was hybridized by 32P-
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labelled PR1 specific probe and induction of PR1 after Pst infection confirmed the technical
quality of the experiment (Figure 13).
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10    12   16     22    8     12    16   22  day time   10    12  16   22    8     12    16    22
RNA
           mock vir Pst
BPR1
PR1Figure 13. BPR1 is induced after exposure to virulent Pst. Northern blot analysis of 50 µg total
RNA extracted from leaves of Col-0 plants. Plants were infiltrated with 5*107 cfu ml-1 Pst; mock,
control plants were infiltrated with 10 mM MgCl2; BPR1 and PR1, Autoradiographs after
hybridization of the membrane with 32P labelled BPR1 and PCC1 specific probes; RNA, RNA
loading control; day time, time of day; hpt, hour past treatment; the white and black boxes at the
bottom present light /dark condition.The results of expression pattern of PCC1 superfamily from three experiments including:
circadian clock experiment and infiltration of Col-0 plants with avr and vir Pst showed that
we were able to detect only BPR1 expression with Northern blot assay. Real time PCR was
used to detect the transcripts of all but it failed because of primer dimer formation and there
was no opportunity to choose other specific primers due to high nucleic acid sequence
similarity between the three members on chromosome two. Therefore, we focused on BPR1
and its role in plant-pathogen interaction for the rest of our experiments.
3-2-4 RPM1 (resistance to P. s. pv. maculicola) activated BPR1 and PCC1 expression
The Arabidopsis RPM1 gene confers resistance against P. syringae expressing either the
avrRPM1 or the avrB type III effector protein (Grant et al., 1995). Expression of BPR1 and
PCC1 was tested after induction of RPM1 by using an inducible avrRPM1 expression system.
We used the A11 transgenic Arabidopsis line which has this inducible avrRpm1 expression
system (Guyer et al., 1998). The plants were chemically induced with 10 µM β-estradiol (ED).
There was strong cell death on treated A11 leaves one day after treatment. Mock treated A11
plants were sprayed with a 1‰ aqueous ethanol solution. Leaves were harvested immediately
after infiltration at t=0 (corresponding to 1000 clock day time), 22, 26 and 30 hpt. 50 µg total
RNA from six weeks old A11 plants was blotted onto a membrane and hybridized with 32P-
labelled BPR1, PCC1, and PR1 specific probes. BPR1 induction by avrRPM1 was observed
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at 22 hpt and continued until 30 hpt. PCC1 induction by avrRPM1 was the same as BPR1.
Also, PR1 induction was triggered at 22 hpt and continued until 30 hpt (Figure 14).
3-2-5 BPR1 induction depended on RPS2 (resistance to Pst (avrRpt2)) but PCC1 did not
RPS2 is a resistance gene on chromosome 4 of Arabidopsis that is important in gene-for-gene
resistance. Mutation of this gene altered resistance to the bacterial pathogen Pst(avrRpt2).
Expression of BPR1 was tested in infiltrated rps2 Arabidopsis mutant and Col-0 (as wt
background of mutant) with Pst(avrRpt2). Leaves were harvested immediately after
infiltration at t=0 (corresponding to 1000 clock day time), 22, 26 and 30 hpt. Total RNA (50
µg) from six week-old Col-0 and rps2 plants was blotted onto a membrane and hybridized
with 32P-labelled BPR1, PCC1, and PR1 specific probes. BPR1 did not show any signal in
either infected or control rps2 mutant plants. However, it showed induction after infection
with Pst(avrRpt2) in Col-0 plants. Pathogen induction and circadian clock expression pattern
of PCC1 were retained in rps2 mutant plants and Col-0 plants. PR1 induction after infection
with Pst(avrRpt2) was observed in both rps2 mutant and Col-0 (Figure 15).
Figure 14. BPR1 and PCC1 are induced by avrRpm1. Northern blot analysis of 50 µg total RNA
extracted from leaves of A11 plants. Estradiol, A11 plants were sprayed with 10 µM ED; mock,
A11 plants were sprayed with 1‰ Ethanol solution; BPR1, PCC1, and PR1, Autoradiographs
after hybridization of the membrane with 32P labelled BPR1, PCC1, and PR1 specific probes;
RNA, RNA loading control; day time, time of day; hpt, hour past treatment.
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3-2-6 BPR1 induction by Pst(avrRpt2) depends to NDR1 (non race-specific disease
resistance)
The above described experiments showed BPR1 was induced after Pst(avrRpt2) treatment and
that induction was dependent on RPS2 (cognate R gene in gene-for-gene resistance
hypothesis). RPS2 requires NDR1 in its resistance signalling pathway to this pathogen (Aarts
et al., 1998).  Expression of BPR1 was tested in six week-old ndr1 (susceptible to
Pst(avrRpt2) mutant plants and Col-0 (as its background) plants infiltrated with Pst(avrRpt2).
Leaves were harvested immediately after infiltration at t=0 (corresponding to 1000 clock day
time), 22, 26 and 30 hpt. Total RNA (50 µg) extracted from Col-0 and ndr1 those leaves was
blotted onto a membrane and hybridized with 32P-labelled BPR1, PCC1, and PR1 specific
probes. Accumulation of BPR1 transcripts was observed after infection with Pst(avrRpt2) in
Col-0 plants. However, it was not induced in ndr1 mutant plants. BPR1 was not expressed in
both ndr1 and Col-0 mock plants (Figure 16).
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Figure 15. BPR1 is not induced by Pst(avrRpt2) in rps2 mutant plants in contrast to PCC1 that
conserved its circadian clock and pathogen induction in this mutant. Northern blot analysis of 50 µg
total RNA extracted from leaves of Arabidopsis rps2 mutant and Col-0 plants. Pst+Rpt2, plants were
infiltrated with 5*106 cfu ml-1 Pst(avrRpt2); mock, control plants were infiltrated with 10 mM
MgCl2; BPR1, PCC1, and PR1, Autoradiographs after hybridization of the membrane with 32P
labelled BPR1, PCC1, and PR1 specific oligonucleotid probes; RNA, RNA loading control; day
time, time of day; hpt, hour past treatment.
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3-2-7 Induction of BPR1 and PCC1 by Pst(avrRpt2) is independent from EDS1 (enhanced
disease susceptibility 1)
The Arabidopsis EDS1 gene was shown by mutational analysis to encode an essential
component of race specific and basal disease resistance. There is a strong requirement for
EDS1 by a subset of R loci (RPP2, RPP4, RPP5, RPP21 and RPS4), conferring resistance to
the biotrophic oomycete Hyaloperonospora parasitica and to Pseudomonas bacteria
expressing the avirulence gene Rps4 and it is important in resistance dependent on the SA
signalling pathway (Aarts et al., 1995). It is conceivable that basal resistance is a reflection of
EDS1 and PAD4 resistance-potentiating activities. Recent analyses revealed a requirement for
EDS1 and PAD4 in constitutive SA-dependent resistance pathways induced by the cpr1 and
cpr6 mutations (Clarke et al., 2001; Jirage et al., 2001) that is also consistent with resistance-
potentiating roles. Induction of BPR1 and PCC1 in the eds1 mutant was tested by infiltration
of Pst(avrRpt2) into eds1 and its wild-type accession Ler (Landsberg). Leaves from six week-
old eds1 mutant  and Ler plants were harvested at t=0 (corresponding to 1000 clock day time),
22, 26 and 30 hpt. Total RNA (50 µg) was electrophoresed and blotted onto a nylon
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Figure 16. BPR1 is not induced by Pst(avrRpt2) in ndr1 mutant plants. Northern blot analysis of 50
µg total RNA extracted from leaves of Arabidopsis ndr1 mutant and Col-0 plants. Pst+Rpt2, plants
were infiltrated with 5*106 cfu ml-1 Pst(avrRpt2); mock, control plants were infiltrated with 10 mM
MgCl2; BPR1 and PR1, Autoradiographs after hybridization of membrane with 32P labelled BPR1
and PR1 specific probes; RNA, RNA loading control; day time, time of day; hpt, hour past
treatment.
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membrane and hybridized with 32P-labelled BPR1, PCC1, and PR1 specific probes. Induction
of PCC1 and BPR1 were independent from EDS1. Both of them were induced at 22 hpt and
elevated transcript levels were observed until 30 hpt. Hybridization of membranes with a PR1
probe confirmed the experimental procedure (Figure 17).
3-2-8 PCC1 induction after Pst(avrRpt2) treatment was dependent on EDS5 (enhanced
disease susceptibility 5) but BPR1 induction was not
The eds5 mutant of Arabidopsis (earlier named sid1) accumulates very little salicylic acid and
PR1 transcripts after pathogen inoculation and was shown to be hypersusceptible to pathogens
(Dewdney et al., 2000). We tested BPR1 and PCC1 induction in infiltrated eds5 mutant plants
with Pst(avrRpt2). Leaves from six week-old eds5 mutant plants were harvested at t=0
(corresponding to 1000 clock day time), 22, 26 and 30 hpt. Total RNA (50 µg) was
electrophoresed, blotted onto a membrane and hybridized with 32P-labelled BPR1, PCC1, and
PR1 specific probes. Autoradiographs indicated BPR1 induction followed its usual pathogen
induction pattern. It was triggered at 22 hpt and continued until 30 hpt. In contrast, PCC1
induction by Pst(avrRpt2) was eliminated and we saw only circadian clock expression of
PCC1 in both control and infected plants. Autoradiographs from the hybridized membrane
with 32P-labelled PR1 specific probe exhibited pathogen induction of PR1 at 22 hpt until 30
hpt (Figure 18).
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Figure 17. BPR1 and PCC1 are induced in eds1 mutant plants by Pst (avrRpt2). Northern blot
analysis of 50 µg total RNA extracted from Arabidopsis eds1 mutant and Ler plants. Pst+Rpt2,
plants were infiltrated with 5*106 cfu ml-1 Pst (avrRpt2); mock, control plants were infiltrated with
10 mM MgCl2; BPR1, PCC1, and PR1, Autoradiographs after hybridization of membrane with 32P
labelled BPR1, PCC1, and PR1 specific probes; RNA, RNA loading control; day time, time of day;
hpt, hour past treatment.
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BPR1
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RNA
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PR1Figure 18. BPR1 is induced by Pst(avrRpt2) in eds5 mutant plants but PCC1 is not. Northern blot
analysis of 50 µg total RNA extracted from leaves of Arabidopsis eds5 mutant plants. Pst+Rpt2,
plants were infiltrated with 5*106 cfu ml-1 Pst(avrRpt2); mock, control plants were infiltrated with
10 mM MgCl2; BPR1, PCC1, and PR1, Autoradiographs after hybridization of membrane with 32P
labelled BPR1, PCC1, and PR1 specific probes; RNA, RNA loading control; day time, time of day;
hpt, hour past treatment.3-2-9 BPR1 and PCC1 induction after Pst(avrRpt2) infiltration is independent from SID2
SA induction-deficient 2 (sid2) mutant plants do not accumulate SA after pathogen attack and
are more susceptible to both virulent and avirulent forms of Pst and H. parasitica (Nawrath
and Metraux, 1999). Induction of BPR1 and PCC1 were tested by infiltration of sid2 mutant
plants with Pst(avrRpt2). Leaves from six week-old sid2 mutant plants were harvested at t=0
(corresponding to 1000 clock day time), 22, 26 and 30 hpt. Total RNA (50 µg) was
electrophoresed, blotted on a membrane and hybridized with 32P-labelled BPR1, PCC1, and
PR1 specific probes. BPR1 was induced at 22 and 26 hpt indicating that its induction is
independent of SID2.  PCC1 was  induced in sid2 plants after inoculation and this showed it is
independent of SID2. PCC1 circadian clock expression pattern was retained in both mock and
infected plants. PR1 induction to Pst(avrRpt2) confirmed the technical quality of the
experiment (Figure 19).
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    0            22             26             30      hpt    0              22              26            30Figure 19. BPR1and PCC1 are induced by Pst(avrRpt2) in sid2 mutant plants. Northern blot analysis
of 50 µg total RNA extracted from leaves of Arabidopsis sid2 mutant plants. Pst+Rpt2, Plants were
infiltrated with 5*106 cfu ml-1 Pst(avrRpt2); mock, control plants were infiltrated with 10 mM
MgCl2; BPR1, PCC1, and PR1, Autoradiographs after hybridization of membrane with 32P labelled
BPR1, PCC1, and PR1 specific probes; RNA, RNA loading control; day time, time of day; hpt, hour
past treatment.3-2-10 Pathogen-mediated BPR1-induction does not depend on NPR1 but pathogen
induction and circadian clock expression of PCC1 depends on NPR1
Arabidopsis npr1 mutants are non responsive to SA, are compromised in their ability to
express PR genes (PR1, PR2 and PR5) and do not mount an effective SAR (Cao et al., 1994;
Dendey et al., 1995). npr1 mutant plants were used to test BPR1 and PCC1 induction by
infiltration of npr1 mutant plants with Pst (avrRpt2). Leaves from six week-old npr1 mutant
plants were harvested at t=0 (corresponding to 1000 clock day time), 22, 26 and 30 hpt. Total
RNA (50 µg) was electrophoresed, blotted on membrane and hybridized with 32P-labelled
BPR1, PCC1, and PR1 specific probes. BPR1 induction was triggered at 22 hpt and it was
constitutive until 30 hpt. Therefore, BPR1 induction does not depend on NPR1. In contrast,
pathogen-induction and circadian clock expression pattern of PCC1 were not seen in npr1
mutant plants. PR1 induction to Pst(avrRpt2) confirmed the technical quality of the
experiment (Figure 20).
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3-2-11 In NahG plants, neither pathogen-mediated BPR1- and PCC1-induction nor
rhythmic expression of PCC1 was observed
In plants carrying the NahG gene, salicylate hydroxylase converts salicylic acid to catechol.
Arabidopsis NahG plants are defective in non-host resistance to P. s. pv. phaseolicola (Psp)
(Van Wees and Glazebrook, 2003). We tested BPR1 and PCC1 expression in NahG plants
after infection with Pst(avrRpt2). Leaves from six week-old NahG mutant plants were
harvested at t=0 (corresponding to 1000 clock day time), 22, 26 and 30 hpt. Total RNA (50
µg) was electrophoresed, blotted onto a membrane and hybridized with 32P-labelled BPR1,
PCC1, and PR1 specific probes. Autoradiographs showed that BPR1 was not induced by
pathogens in NahG plants and also PCC1 circadian clock expression and pathogen induction
were not seen in NahG plants (Figure 20).
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RNA
      mock                       Pst+Rpt2                          mock                    Pst+Rpt2Figure 20. BPR1 is induced by Pst(avrRpt2) in npr1 mutant plants, but it is not induced in NahG
plants. PCC1 pathogen induction and circadian clock expression is not seen in npr1 and NahG
plants. Northern blot analysis of 50 µg total RNA extracted from leaves of Arabidopsis npr1 and
NahG mutant plants. Pst+Rpt2, plants were infiltrated with 5*106 cfu ml-1 Pst(avrRpt2); mock,
control plants were infiltrated with 10 mM MgCl2; BPR1, PCC1, and PR1, Autoradiographs after
hybridization of membrane with 32P labelled BPR1, PCC1, and PR1 specific probes; RNA, RNA
loading control; day time, time of day; hpt, hour past treatment.3-2-12 Exogenous application of salicylic acid activates BPR1 and PCC1 expression
SA mediates plant defence against pathogens by accumulating in both infected and distal
leaves in response to pathogens attack. In Arabidopsis, exogenous application of SA suffices
to establish SAR, resulting in enhanced resistance to a variety of pathogens that is
accompanied by regulation pathogenesis-related genes expression (Wildermuth et al., 2001).
We investigated expression of BPR1 and PCC1 after exogenous application of SA. Col-0
plants were sprayed with 2mM SA (diluted from a 100x concentrated stock solution made in
ethanol) and mock plants were sprayed with a 1% aqueous ethanol solution. Leaves from six
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week-old Col-0  plants were harvested immediately after treatment at t=0 (corresponding to
1000 clock day time), 9, 20 and 28 hpt. . Total RNA (50 µg) was electrophoresed, blotted onto
a membrane and hybridized with 32P-labelled BPR1, PCC1, and PR1 specific probes. BPR1
was expressed at 9 and 20 hpt in treated plants and not expressed in control plants. Exogenous
application of SA caused PCC1 expression at 9 and 20 hpt. However, expression of PCC1 at
28 hpt = 1600 (peak of rhythmic PCC1 expression) in treated plants was less than in mock
plants. PR1 expression in treated plants confirmed the technical quality of the experiment
(Figure 21).
3-2-13 Exogenous application of ethylene does not trigger BPR1 expression
Ethylene is a simple gas molecule that modulates various developmental programmes and
coordinates responses to a multitude of external stress factors such as pathogens attack
(Alonso and Stepanova, 2004). We tested expression of BPR1 after exogenous application of
1ppm ethylene at t=0 (corresponding to 1200 clock day time), 2 and 4 hpt. Total RNA (50 µg)
was electrophoresed, blotted and hybridized with 32P-labelled BPR1, and PDF1.2 specific
probes. There was not any signal in treated and mock plants. Expression of the PDF1.2 gene
at 4 hpt confirmed the technical quality of the experiment (Figure 22).
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Figure 21. BPR1 and PCC1 are induced by exogenous application of SA. Northern blot analysis of
50 µg total RNA extracted from leaves of Col-0 plants. SA, Col-0 plants were sprayed with 2mM
SA; mock, control plants were sprayed with 1% ethanol solution; BPR1 PCC1 and PR1,
Autoradiographs after hybridization of membrane with 32P labelled BPR1and PR1 specific probes;
RNA, according RNA loading control; day time, time of day; hpt, hour past treatment.
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3-2-14 Exogenous application of jasmonic acid does not induce BPR1 expression
Jasmonates are naturally occurring signal compounds that regulate plant growth and
development, and are involved in plant responses to several environmental stress factors
(Berger, 2002). We tested BPR1 induction after exogenous application of 0.25 µl L-1 methyl-
jasmonate in Col-0 plants at t=0 (corresponding to 1200 clock day time), 2 and 4 hpt. Mock
plants were treated with 25 µl L-1 ethanol. Total RNA (50 µg) was electrophoresed, blotted
and hybridized with 32P-labelled BPR1 and PDF1.2 specific probes. Exogenous application of
methyl-jasmonate did not induce BPR1. Expression of PDF1.2 gene at 4 hpt confirmed the
technical quality of the experiment (Figure 23).
Figure 22. BPR1 is not induced by exogenous application of ET. Northern blot analysis of 50 µg
total RNA extracted from leaves of Col-0 plants. ethylene, Col-0 plants were treated with 1 ppm
ethylene; mock, control plants; BPR1 and PDF1.2, Autoradiographs after hybridisation of membrane
with 32P labelled BPR1and PDF1.2 specific probes; RNA, according RNA loading control; day time,
time of day; hpt, hour past treatment.
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3-2-15 Pathogen-mediated induction of PCC1 and BPR1 is independent from COI1
(coronatine insensitive 1)
The coi1 mutant was isolated in a screen for Arabidopsis mutants insensitive to growth
inhibition by the bacterial toxin coronatine, which is structurally related to jasmonic acid
(Feys et al., 1994) and 12-oxo-phytodienoic acid (OPDA) (Weiler et al., 1994). The coi1
mutants are unresponsive to growth inhibition by MeJA, are male-sterile, fail to express JA-
regulated genes such as VSPs, THI2.1 or PDF1.2, and are susceptible to insect herbivory and
to pathogens (McConn et al., 1997; Thomma et al., 1998; Devoto et al., 2002). We tested
BPR1 expression in coi1 mutant plants after infiltration with 5*106 cfu ml-1 Pst (avrRpt2).
Leaves were harvested at t=0 (corresponding to 1000 clock day time), 22, 26 and 30 hpt. Total
RNA (50 µg) was electrophoresed, blotted and hybridized with 32P-labelled BPR1, PCC1 and
PR1 specific probes. BPR1 was induced at 22 hpt and it continued until 30 hpt. Therefore
BPR1 induction is not dependent on JA and coi1. Also, PCC1 induction by pathogen was
seen in treated coi1 plants. Both control and treated plants showed circadian clock expression
of PCC1. Induction of PR1 by pathogen confirmed the technical quality of the experiment
(Figure 24).
Figure 23. BPR1 is not expressed after exogenous application of methyl-jasmonate. Northern blot
analysis of 50 µg total RNA extracted from leaves of Col-0 plants. Methyl-jasmonate, Col-0 plants
were treated with 0.25 µl L-1 methyl-jasmonate; mock, control plants were treated with 25 µl L-1
ethanol; BPR1 and PDF1.2, Autoradiographs after hybridisation of membrane with 32P labelled
BPR1and PDF1.2 specific probes; RNA, according RNA loading control; day time, time of day; hpt,
hour past treatment.
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3-2-16 Botrytis cinerea infection resulted in increased BPR1 expression and reduced
PCC1 expression
B. cinerea is a pathogen with a wide host range, which attacks foliage, stems, flowers, and
fruits and results in serious economic damage in agriculture and horticulture (Williamson et
al., 1995; Elad, 1997). We studied expression of BPR1 and PCC1 after inoculation of Col-0
plants with 5*105 B. cinerea spores ml-1 . Leaves were harvested at t=0 (corresponding to 1700
clock day time), 46, 72 and 96 hpt. Total RNA (50 µg) was electrophoresed, blotted and
hybridized with 32P-labelled specific BPR1, PCC1 and PR1 probes. BPR1 induction was
triggered at 46 hpt (when we saw necrosis) and continued until 96 hpt. Rhythmic PCC1
expression in treated plants was less than in mock plants from 46 until 96 hpt. PDF1.2
induction after pathogen attack confirmed the technical quality of the experiment (Figure 25).
3-2-17 Alternaria brassicicola does not induce PCC1 and BPR1 expression
A. brassicicola is a necrotrophic pathogen that can infect host species at all stages of growth,
including seeds (Thomma et al., 1999; Thomma, 2003). We tested BPR1 and PCC1
expression after inoculation of Col-0 plants with 5*105 Alternaria brassicicola spores ml-1.
Leaves were harvested at t=0 (corresponding to 1700 clock day time), 24, 72 and 96 hpt. Total
RNA (50 µg) was electrophoresed, blotted and hybridized with 32P-labelled BPR1, PCC1 and
PR1 specific probes. Expression of BPR1 and PCC1 was not induced by this fungus. PCC1
showed its known circadian clock expression pattern in both mock and pathogen-treated
plants. PDF1.2 induction confirmed the technical quality of the experiment (Figure 25).
Figure 24. BPR1 and PCC1 are induced by Pst(avrRpt2) in coi1 mutant plants. Northern blot
analysis of 50 µg total RNA extracted from leaves of Arabidopsis coi1 mutant plants. Pst+Rpt2,
plants were infiltrated with 5*106 cfu ml-1 Pst(avr Rpt2); mock, control plants were infiltrated with
10 mM MgCl2; BPR. PCC1 and PR1, Autoradiographs after hybridization of membrane with 32P
labelled BPR1and PR1 specific probes; RNA, according RNA loading control; day time, time of
day; hpt, hour past treatment.
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3-2-18 BPR1 is expressed in roots, flowers and pathogen infected leaves, but PCC1 only
in non-treated and pathogen-treated leaves
To study organ specific BPR1 and PCC1 expression, Total RNA (50 µg) was extracted from
untreated and Pst (avrRpt2)-treated leaves, roots, stems and flowers. After blotting the
membrane was hybridized with 32P-labelled BPR1 and PCC1-specific probes.
Autoradiographs showed that BPR1 is expressed in roots, flowers and infected leaves.
However, PCC1 was expressed exclusively in treated and untreated leaves (Figure 26). The
floral RNA was running not so well on the gel resulting in a shift of the BPR1 signal.
Figure 25. BPR1 expression is induced by B. cinerea and is not induced by A. brassicicola. On the
contrary rhythmic PCC1 expression is reduced after inoculation with B. cinerea and does not change
after inoculation with A. brassicicola. Northern blot analysis of 50 µg total RNA extracted from
leaves of Col-0 plants. Botrytis spores were diluted in 12 g L-1 potato dextrose and applied on
wounded leaves; mock plants of Botrytis experiment, leaves of control plants were wounded and
treated with 12 g L-1 potato dextrose; Alternaria, Col-0 plants were treated with 5*105 spores ml-1;
mock, plants were treated with water; BPR1. PCC1, and PDF1.2, Autoradiographs after
hybridization of the membrane with 32P labelled BPR1, PCC1, and PDF1.2 specific probes; RNA,
according RNA loading control; day time, time of day; hpt, hour past treatment.
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3-3 Functional analysis of BPR1
In order to analyse the potential role of BPR1 in pathogen defence and plant development, we
generated lines that constitutively express BPR1 (35S::BPR1). To this end, the coding
sequence of BPR1 was cloned into the binary vector pJawohl3 downstream of the strong 35
CaMV promoter (Figure 27).
The recombinant plasmid was transformed into Col-0 plants by the floral dip method (Clough
and Bent, 1998). Over-expressing BPR1 lines 11, 17, and 43 were chosen in the T2 generation
based on their segregation of 1:3 dead (susceptible): alive (resistant) to the BASTA herbicide
which showed they carried one insertion and over-expression line 24 was chosen because it is
likely to have two insertions (Figure 28 and table 6).
Figure 27. Recombinant pJawohl3-plasmid map with resistance gene to the herbicide BASTA in
planta and ampicillin resistance in E. coli and carbenicillin resistance in Agrobacterium. BPR1 CDS
under control of  35 CaMV promoter.
BPR1K O kanamycinR 35S BPR1 b t R
A B
Figure 26. BPR1 is expressed in roots, flowers and infiltrated leaves while PCC1 was expressed just
in treated and untreated leaves. Northern blot analysis of 50 µg total RNA of Col-0 organs including:
infected leaves (a), uninfected leaves (b), stems (c), roots (d), and flowers (e). Col-0 leaves were
infiltrated with 5*106 cfu ml-1 Pst(avrRpt2) and harvested 24 hpt; BPR1 and PCC1: Autoradiographs
after hybridization of membrane with 32P labelled BPR1and PCC1 specific probes; RNA, according
RNA loading control; time of day was at 1400 .
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Figure 28. Selection of over-expression and knockout BPR1 plants. A: knockout BPR1 with
resistance to kanamycin on MS medium plus kanamycin. B: over-eexpressing BPR1 plants with
resistance to BASTA  herbicide.Table 6. Χ2 test for proportions of resistant (live) and susceptible (dead) plants to BASTA in T2
over-expression BPR1 lines. Number of dead and live plants per each line in three replications. H0=
3 to 1 proportion between resistance and susceptible; H1, not 3 to 1 proportion. Critical value for
proportion 3:1 live to dead at α= 0,05 and degree of freedom 1 is 3,84. Ns, not significant or
provided X2 is smaller than number Chi-square distribution table in this df and α. ** , significant and
null hypothesis is rejected.ver-expressing BPR1 lines were selected in the T3 generation for homozygosity (plants that
o longer segregate for the BASTA-resistance marker) and with molecular analysis the RNA
evels by Northern blot. Northern blot analysis with exon 2 probe confirmed over-expression
f BPR1 in lines 24 and 43 (Figure 31).
nockout BPR1 seeds were derived from the Salk T-DNA collection. To verify the suggested
-DNA insertion in exon1, genomic DNA was extracted and used as a template for PCR with
PR1- and T-DNA-specific nested primers (table 8). By sequencing the PCR bands, we found
mong many plants, one homozygous knockout plant (line 266) with the T-DNA inserted 181
p before the ATG start codon (Figure 29 and 30). We performed molecular analysis on it by
Replication 1 Replication 2 Replication3 Observed Expected 3:1 X235::BPR
lines live dead live dead live dead live dead Live3 Dead1 (o,05)X2(1)= 3,84
3 45 18 60 23 65 27 170 68 178,5 59,5 1,6189 ns
7 38 13 24 16 43 15 105 44 111,75 37,25 1,6308 ns
11 70 20 45 24 80 20 195 64 194,25 64,75 0,0115 ns
17 44 19 25 10 30 9 99 38 102,75 34,25 0,5474 ns
23 20 24 24 16 43 15 87 55 106,5 35,5 14,281 **
24 60 2 50 7 45 6 155 15 127,5 42,5 23,725 **
32 50 13 53 4 65 13 168 30 148,5 49,5 10,241 **
33 120 10 80 3 200 5 400 18 313,5 104,5 95,466 **
34 55 38 45 15 28 21 128 74 151,5 50,5 14,580 **
36 60 22 30 10 36 32 126 64 142,5 47,5 7,6420 **
38 50 30 28 13 60 20 138 63 150,75 50,25 4,3130 **
39 41 17 40 17 75 40 156 74 172,5 57,5 6,3129 **
41 28 15 46 15 30 13 104 43 110,25 36,75 1,4169 ns
42 60 20 48 8 70 26 178 54 174 58 ,36781 ns
43 31 9 30 7 50 18 111 34 108,75 36,25 ,18620 ns
47 54 12 60 13 65 13 179 38 162,75 54,25 6,4900 **
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Northern blot and it indicated that this BPR1 knockout plant did not express BPR1 after
infiltration with Pst(avrRpt2) (Figure 31).
Table 7. Sequence of BPR1 exon 2 reverse, Salk Lba1 and Salk Bb1 nested primers (Figure 30).
BPR1
Sal
Figure 29. PCR 
predicted knocko
and exon 2 rever
1 nested and BPR
Figure 30. In Salk
region of the BPR
primer; 3, BPR1 ex
T-DNA
Promotor
1 2
B markerPrimer sequence
 exon 2 reverse CAGCCTTTGAAGAATCCGTCACCC
SalkLBa1 TGGTTCACGTAGTGGGCCATCG
kBb1 nested GCGTGGACCGCTTGCTGCAACTanalysis to detect the T-DNA insertion in BPR1. DNA extracted from leaves of
ut BPR1 plants was used as a template; BPR1, PCR with BPR1 Forward 5`UTR
se primers; a, PCR with Salk Lba 1 and BPR1 exon 2 reverse; b, PCR with Salk Bb
1 exon 2 reverse; actin, positive control, PCR with actin primers.
 line 266 the T- DNA is inserted 181 bp before the start codon in the promoter
1 knockout plant. 1, Salk Lba 1 forward primer; 2, Salk Bb1 nested forward
on2 reverse primer .
exon1 exon2 exon3
3
PR1 a b actin
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In another attempt to find plants without or lower BPR1 expression, we made BPR1 RNAi
plants using pJawohl3-RNAi (Figure 32). But because we found the T-DNA insertion in the
BPR1 knockout lines we did not characterize the silenced lines.
Figure 31. Over-expression of BPR1 in 35S::BPR1 lines and lack of BPR1 expression after induction
with 5*106 cfu ml-1 Pst(avrRpt2) in BPR1 knockout plants. Northern blot analysis of 50 µg total
RNA extracted from leaves of Col-0 (e and h), infiltrated Col-0 (a and f) and BPR1 knockout line (g)
with 5*106 cfu ml1 Pst(avrRpt2) and over-expression of BPR1 lines 17 (b), 24 (c)and 42 (d).
BPR1a, Autoradiograph after hybridization of membrane with 32P-labelled BPR1 3`UTR specific
probe; BPR1b, Autoradiograph after hybridization of membrane with 32P-labelled BPR1 exon 2
probe; RNA, RNA loading control.
Figure 32. Recombinant pJawohl3-RNAi map to produce BPR1 RNAi.
RNA
BPR1a
BPR1b
a b c d e f g h
P 35 S BPR1 CDS intron BPR1 reverse CDS
Pat (BASTA R)
pJawohl3-RNAi
Bla (AmpR in E.coli;
 CarbR in Agro)
BamH1 Hind III EcoR1 Spe1
LB
RB
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3-3-1  BPR1 knockout and over-expression lines show hypersensitive response to
Pst(avrRpt2) like Arabidopsis ecotype Col-0
Our previous results showed that BPR1 was induced by Pst(avrRpt2). To find a function for
BPR1, we infiltrated BPR1 knockout and over-expression lines, and Col-0 plants with this
pathogen. It resulted in a hypersensitive response at 24 hpt in an incompatible interaction for
all plants (Figure 33).
BPR1 K.O. Col-0
35S::BPR1 24 35S::BPR1 43Figure 33. The same hypersensitive response is seen in BPR1 knockout and over-expression lines as
in Col-0 after infiltration with 5*106 cfu ml-1 Pst(avrRpt2). Photographs were taken 24 hpt.We determined the titre of the bacteria in planta from infiltrated BPR1 knockout, over-
expression and Col-0 leaves with Pst(avrRpt2) immediately after treatment and 3 days after
infection. This showed that growth of bacteria within the leaves was almost the same in all
plant genotypes. However, we found consistently a somewhat higher (3 fold) bacteria titre in
the over-expression lines than it was in Col-0 and BPR1 knockout plants (Figure 34).
Results 733-3-2  BPR1 appears to have no role in the compatible interaction of Arabidopsis with Pst
DC3000
Initial expression data of BPR1 showed it was induced marginally after inoculation with
virulent Pst DC3000. To test whether BPR1 might have a role in the compatible interaction,
we infiltrated Arabidopsis Col-0, BPR1 knockout and over-expression plants with Pst
DC3000. 48 hpt symptoms (water soaked lesion) appeared on BPR1 knockout and over-
expression plants which were indistinguishable from those on Col-0 plants (Figure 35).
Figure 34. Growth of Pst(avrRpt2) within Col-0, BPR1 knockout and over-expression plants. Leaves
were infiltrated with a 5*106 cfu ml-1 Pst(avrRpt2) suspension. Immediately after infiltration (0 hpt)
and 3 days post-inoculation (3 days), leaves were excised and bacterial titres were determined. Each
bar represents the mean and standard deviation of six replicates. The experiment was repeated twice
and similar results were obtained.
BPR1 K.O.Col-0
35S::BPR1 24 35S::BPR1 43
Results 74Figure 35. BPR1 knockout and over-expression plants show compatible interaction with Pst DC3000
like Col-0. Leaves were infiltrated with 1*107 cfu ml-1 PstDC3000. Leaves were photographed 48
hpt.3-3-3 Non-host resistance to Psp is reduced in over-expression BPR1 plants
Arabidopsis is resistant to the non-host pathogen Psp which fails to multiply in the plant. Psp
multiplies by as much as 100-fold in NahG plants in both the Columbia (Col-0) and
Wassilewskija-0 (WS) backgrounds. Infected NahG leaves also display water soaked lesions
characteristic of P. syringae infection (Van Wees and Glazebrook, 2003). We saw already
that BPR1 induction after Pst(avrRpt2) treatment was suppressed in NahG plants (3-2-11).
Therefore, we tested whether BPR1 might have some role in defence against Psp. Thus, we
infiltrated Col-0 (control), BPR1 knockout and over-expression plants with Psp race1.
Infected BPR1 over-expression lines displayed water soaked lesions 8 days after infiltration.
But, Col-0 and BPR1 knockout plants did not show any symptoms at this time (Figure 36).
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To find the cause of the susceptibility of BPR1 over-expression lines to Psp, we re-isolated
bacteria from infected leaves of Col-0 and two BPR1 over-expression lines immediately after
infiltration (t=0) and 5 days after infection. By 5 days after infection the number of bacteria
was reduced relative to the first day in Col-0 and the over-expression lines. However, the
number of bacteria in the over-expression lines was at least 7-fold higher as compared to the
Col-0 plants (Figure37).
Col-0
35S::BPR1 24
35S::BPR1 43
Figure 36. BPR1 over-expression lines are susceptible to Psp. Leaves were infiltrated with 1*108 cfu
ml-1 Psp race 1. Photographs were taken 8 days after infiltration.
Results 76Figure 37. Titre of Psp bacteria in Col-0 and BPR1 over-expression lines immediately (0) and 5 days
after infiltration. Leaves were infiltrated with a suspension of Psp at a concentration 1*108 cfu ml-1
Psp race 1. Each bar represents the mean and standard deviation of 6 replicates. The experiment was
repeated twice and similar results were obtained.3-3-4 BPR1 knockout and over-expression plants do not show any difference in symptom
development as compared to Col-0 after inoculation with A. brassicicola
To see whether BPR1 deregulation has an effect on necrotrophic pathogens, Arabidopsis Col-
0, BPR1 knockout and over-expression plants were inoculated with A. brassicicola strain
MUCL20297. 8 days after infection, non spreading lesions typical of an incompatible
interaction were formed and symptoms were the same for all plants (Figure 38).
BPR1 K.O.Col-0
35S::BPR1 24 35S::BPR1 43
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3-3-5 BPR1 over-expression plants were more susceptible than Col-0 and BPR1
knockout plants to Botrytis cinerea infection
We observed in earlier experiments BPR1 induction after inoculation with B. cinerea strain
MUCL30158 in the expression pattern experiments. Therefore, we inoculated Col-0, BPR1
knockout and over-expression plants with a B. cinerea spore suspension containing 2,5*104
spores ml-1. Five days after inoculation, over-expressing BPR1 lines showed more symptoms
(35% of the inoculated leaves) to this necrotrophic fungus than Col-0 (15% of the inoculated
leaves) and BPR1 knockout (10% of the inoculated leaves) plants, and knockout plant
symptoms were even less as compared to Col-0 (Figure 39).
We categorized symptoms from 1 (weak = necrotic lesions only in margin of inoculated area)
to 5 (intensive= necrotic lesions included 40% of the inoculated leaves) and Figure 40 shows
the distribution of the symptoms in our plants. Almost 80 % of the infected leaves of BPR1
over-expression lines fell in categories 4 and 5 and about 20 % in category 3. However,
approximately 85 % of infected leaves of Col-0 plants, fell in categories 3 and 2, and 15 % in
category 1. Also, most infected leaves of BPR1 knockout plants presented symptoms that fell
in categories 2 and 1 and about 10 % in category 3 (Figure 41).
Figure 39. Susceptibility of BPR1 over-expression lines to Botrytis cinerea. Leaves of 4 weeks old
Col-0, BPR1 knockout and over-expression plants were inoculated with 2,5*104 B. cinerea strain
MUCL30158 spores ml-1. Photographs were taken 5 days after inoculation.
BPR1 K.O.Col-0
35S::BPR1 24 35S::BPR1 43
Figure 38. Leaves of 4 weeks old Col-0, BPR1 knockout and over-expression plants 5 days after
drop-inoculation with 1*108 A. brassicicola spores ml-1.
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Figure 40. B. cinerea symptoms categories from 1 (weak) to 5 (intensive) five days after inoculation.
 1 54 3 2Figure 41. Disease rating into five categories of B. cinerea symptom and their distribution in Col-0,
BPR1 knockout and over-expression lines 5 days after inoculation with 2.5*104 spores ml-1. 1, 2, 3, 4
and 5 are symptom categories from weak to intensive. Each bar represents the mean and standard
deviation of 2 replicates.3-3-6 BPR1 over-expression plants have longer roots in comparison to Col-0 and BPR1
knockout plants
In the organ specific expression experiment, we saw BPR1 expression in the roots. To test
whether BPR1 deregulation has an effect on root development, we measured root growth on
sterile grown Col-0, BPR1 knockout and over-expression plants at the seedling stage. Seeds
were sown on MS medium and 7 days later root length was measured. Data were recorded by
digital photography and root length measured using the Discus software. The data was
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analyzed in a one-way analysis of variance with 162 replicates and four treatments (Col-0,
BPR1 knockout line, and two BPR1 over-expression lines) (table 8).
Th
len
the
cla
BP
Co
tw
fro
lon
len
be
Table 8. Variance analysis of root length of Col-0, BPR1 knockout and over-expression lines with
162 replicates in one-way analysis of variance. Treatment, Col-0, BPR1 knockout line and 2 BPR1
over-expression; df, degree of freedom; SS, sum of square; MS, mean of square; F, F ratio; **,
significant with 99 % confidence interval.sources of
variation
df SS MS F
treatment
(plants)
3 2.335,792 778,597 233,896**
experimental
error
644 2.143,737 3,32878
total 647 4.479,539e F ratio was significant with 99 % confidence interval that means at least one of root
gth mean is different from another one. Therefore, we compared root length means with
 Duncun`s multiple range test, As indicated in Figure 42, it resulted to three different
sses:
R1 knockout line
l-0
o BPR1 over-expression lines
m shortest to longest, respectively. Roots of BPR1 over-expression lines were ~30 %
ger than roots from the BPR1 knockout line and Col-0 plants. This increase in BPR1 root
gth was already seen in 2 days old seedlings. Root length of Col-0 plants was in the middle
tween BPR1 knockout and over-expression lines (Figure 42 and 43).
BPR1 K.O. Col-0 35S::BPR1 24 35S::BPR1 43
a
b
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3-3-7 BPR1 is expressed in roots, flowers and infected leaves in BPR1 promoter::GUS
plants
To assess the transcriptional activity of the BPR1 gene throughout plant development, a 1,143
kb region upstream from the ATG translational start was isolated and fused to the GUS
reporter gene in the BamH1 and the Nco1 restriction sites of pLH7000 vector (Figure 44). The
promoter-reporter gene fusion was transferred into the nuclear genome of Col-0 plants by the
floral dip procedure (Clough and Bent, 1998). Ten independent transgenic lines were obtained
and GUS expression was analyzed after infection with Pst(avrRpt2). Seven of them showed
the expected expression pattern of a gene that is induced by infiltration, i.e. showed increased
levels of expression around the infiltration site. In general, GUS activity was detected after a
one night incubation of the tested tissue in the staining solution. As shown in Figure 26, BPR1
was expressed in the infiltrated leaves (in infected cells) (Fig. 45, panel a), in vascular tissue
of roots (Fig. 45, panel b) and in vascular tissue of petal and sepal, filaments, stigma and
progressive ovules and flowers (Fig. 45, panel c).
Figure 42. BPR1 over-expression lines have longer roots. Seeds of Col-0, BPR1 knockout and over-
expression lines were sown on MS medium. Photographs were taken from a) 7 day and b) 2 day old
seedlings.
BPR1 K.O. Col-0 35S::BPR1 24 35S::BPR1 43
Figure 43. BPR1 over-expression lines show longer roots as compared to BPR1 knockout and Col-0
plants. Root length was measured at 7 days after sowing on MS medium. Duncun`s multiple range
test was used to compare the root length means. a, b and c show three statistically different classes
from shortest to longest. The experiment was repeated three times and similar results were obtained.
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Figure 44. Recombinant pLH7000 vec
upstream of GUS via the BamHI and the
for selection in E. coli and Agrobacteri
plants.
a
b
d
BPR1 promoter GUS CDS
BamH1 Nco1
Pat (BA
Bla (AmpR in E.coli;
 CarbR in Agro)
RB
pLH7000
pLH70tor map. The BPR1 promoter sequence was cloned
 NcoI restriction sites. bla,  amp/Carb resistance gene
um. Pat, BASTA herbicide resistance for selection in
c
STAr)
LR
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3-4 Natural variation and polymorphisms in the PCC1 superfamily of
Arabidopsis
Polymorphism study is a common tool to identify natural mutants and quantitative trait loci
(QTLs), to perform genotype/phenotype association studies and explore the ecological and
evolutionary forces shaping currently observable genetic diversity. Because initially we
lacked BPR1 and PCC1 knockout plants we looked for naturally mutants by polymorphism
study. Thus,10 accessions of Arabidopsis (Ct-1, Oy-0, Cvi-0, St-0, Shakdara, Mt-0, Mh-1,
Ms-0, Ta-0 and Bur-0) which had been shown to have a high degree of genetic diversity
(McKhann et al., 2004), were chosen. Genomic DNA was extracted from leaves of two weeks
old plants and PCR was used to amplify PCC1, BPR1 and the paralogous genes on
chromosome 2. Polymorphisms were found for PCC1 such as:
• absence
• existence of a Col-0-length PCR band
• and a shorter band than the Col-0-band.
Also, for the other members of this super-family polymorphisms such as absence and
existence could be detected. I compiled the entire PCC1 superfamily polymorphism data in
table 10 Ct-1, Shakdara and Ta-0 accessions had only 3 members of this superfamily on
chromosome 2, i.e. didnt show PCR bands for PCC1 or BPR1. Oy-0, Mh-1 and Ms-0
suggested lack of BPR1 and existence of all other members with a length of the PCR band as
in Col-0. Cvi-0 appeared to have just PCC1 while Bur-0, St-0 and Mt-0 had all members of
this superfamily. From Oy-0, Bur-0 and St-0 we amplified a shorter band (145 bp smaller) of
PCC1 relative to Col-0 indicating they are natural mutants for PCC1. Ct-1, Shakdara, Ta-0 do
not have PCC1 and BPR1 (Figure 46). The 145 bp-shorter band of PCC1 from Oy-0, Bur-0
and St-0 were cloned and sequenced. Sequence analysis has shown that there is a deletion of
the last 5 bp of exon 2, the entire intron 2 and 22 bp from exon 3. Moreover, 4 single
nucleotide exchanges could be found (Figure 47).
Figure 45. Analysis of BPR1 expression pattern by a promoter-reporter (GUS) gene fusion. GUS
activity was detected in roots, flowers, in vascular tissue and in leaves infected with Pst(avrRpt2). a)
BPR1 expression pattern in different sections (sepal, petal, filaments, and ovules) of Arabidopsis
flowers. b) BPR1 was not expressed in non-infiltrated leaves. c) BPR1 was expressed in leaves
infiltrated with Pst(avrRpt2), Leaves were harvested from six weeks old Arabidopsis plants. Infected
leaves were stained 24 hpt. d) BPR1 expression in the vascular tissue of roots.
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Figure 46. PCC1 superfamily polymorphism in 10 Arabidopsis accessions. 100 bp maker was used.
PCC1 mutant in Oy-0
tcacaaatctcacatcctcactcctcagctcctcaaatcagaATGAATCAATCCGCGCA
AAATTACTTTTCCGgtaattatcttcaattgttttctaaaatcatgatcaatgtctaac
gtataatcatgatgaacaataattctttactcaccaactagataacttttttttttttt
ggcacagTGCAAAAACCTTCAGAGACTTCATCAGGGCCGTACACAAGTCCGCCACCAAT
TGGTTATCCGACTAGAGATGCGGTGGTGGGTGATCCTCCGGCAGCAGCAGTGGAGACAA
ACTCCAAGGGCGTCAACCTCGAAGGCATAATGAGTTGTTTTAGgtacgtgtatatatat
atatatatatatgtttataacttggctctaattatccaagatgttatttttttatatat
ccggcgttctactttttttttttactgatatgtctgttgacacTACTTGTATGGAGTGT
ATCTTCTGCTGCGGCCTATGCTCCAGCTTCTGTACATCAGAGTAAatcagcatgatgag
acagaagtcgttgcccaaacctgaaaaacaacacgtgatagaaaatctatatatatata
tatatatatatatgttatagtagtcgtttctatggatttccacgcattttaaagtttat
ttgtttcactgtttaaaatgaatcatttgcttcgtgtattttgtttctatataaataaa
agaaattaaaaacc
Figure 47. PCC1 polymorphism in Oy-0. 145 bases are deleted and 4 bases are changed in alignment
between PCC1 from Col-0 and PCC1 from Oy-0. Small letters with red background indicate partial
deletion of intron2. Capital letters with yellow background show deletions in exon 2 and exon 3.
White letters in exon 2 and exon 3 show single nucleotide mutations.
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3-4-1 Polymorphic PCC1 in St-0 and Oy-0 showed rhythmic expression pattern as PCC1
in Col-0
The polymorphic variants of PCC1 in St-0 and Oy-0 were tested for the rhythmic expression
of PCC1. Leaves were harvested at 800, 1200 and 1600 oclock. Total RNA (50 µg) was
electrophoresed, blotted and hybridized with 32P-labelled PCC1 specific probes. The rhythmic
expression pattern of PCC1 circadian clock expression in all three accessions were the same
with a peak of expression at the end of day (Figure 48).
Accessions
genes
Ct-1 Oy-0 Bur-0 Cvi-0 St-0 Shakdara Mt-0 Mh-1 Ms-0 Ta-0
PCC1 *s *s * *s * * *
BPR1 * * *
At2g3210 * * * * * * * * *
At2g32200 * * * * * * * * *
At2g32190 * * * * * * * * *
Table 9. PCC1 superfamily polymorphism in 10 Arabidopsis accessions
Figure 48. PCC1 circadian clock expression is conserved in accessions carrying a highly
polymorphic PCC1 gene (St-0 and Oy-0). Northern blot analysis of 50 µg total RNA extracted from
leaves of Col-0, St-0 and Oy-0 plants. Numbers on the top show time of day. PCC1,
Autoradiographs after hybridization of membrane with 32P labelled PCC1 specific probes; RNA,
according RNA loading.
RNA
PCC1
    8              12           16             8             12          16            8              12            16
                           Col                                       St-0                                    Oy-0
Results 86
3-5 Expression and purification of a recombinant BPR1-GST fusion protein
Expression and functional data provided for BPR1 suggested that it is an interesting gene
involved in plant-pathogen interaction and plant development. Thus, we were interested to
study its translation product under various conditions. To this end, we wanted to express and
purify the BPR1 protein in bacteria to raise antibodies against it. We used a GST fusion
protein system in pGEX-5X-1 vector. DNA sequencing revealed that the BPR1 gene sequence
in frame with the C-terminus of GST between EcoRI and NotI sites of the E.coli expression
pGEX-5X-1 (Figure 49). The resulting recombinant plasmid DNA was transformed into E.
coli strain BL 21 and expression of the fusion gene was induced by IPTG. The fusion protein
was affinity-purified on glutathione agarose. The affinity purified GST fusion protein showed
high purity and GST-BPR1 showed the predicted size of 36 kDa on SDS-PAGE (Figure 50).
Purified BPR1 protein was send to make polyclonal antibody against it.
Figure 49. Vector map of the recombinant expression plasmid pGEX-5X-1. The BPR1
sequence was cloned downstream of glutathion S- transferase (GST) via the EcoRI and the
NotI restriction sites. ampr, ampicillin resistance gene.
pGEX-5X-1
GST BPR1
EcoRI NotI
ampr
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3-6 Identification of BPR1 interacting proteins in yeast EGY48
Clontechs matchmaker lexA yeast two hybrid system was used for detecting BPR1-protein
interaction in yeast EGY48 as it is described in Gyuris et al. (1993). This assay is based on
the fact that many eukaryotic transcriptional regulators are composed of physically separable,
functionally independent domains. Such regulators contain a DNA-binding domain (DNA-
BD) that binds to a specific promoter sequence and an activation domain (AD) that directs the
RNA polymerase II complex to transcribe the gene downstream of the DNA binding site
(Hope and Struhl, 1986; Keegan et al., 1986; Figure 51). In this assay, the DNA-BD is
provided by the entire prokaryotic lexA protein and DNA-activation domain is contained on
an 88-residue acidic E. coli peptide (B42) that activates transcription in yeast. Three different
vectors used in this system were:
1- p8op-lacZ carrying the lacZ reporter gene under the control of eight repeats of the lexA
operator and the yeast selection marker URA3.
    M            1             2            3           4           5           6               7
15
25
35
40
55
70
MW
kDa
Figure 50. SDS-PAGE analysis of the affinity purification of the GST-BPR1 fusion protein. Purified
GST-BPR1 fusion protein obtained from the GST expression system was separated by 12 % (w/v)
SDS-PAGE. The gel was Coomassie stained; M, Page rulerTM prestained protein ladder; 1, bacterial
protein before induction with IPTG from transformed E. coli strain BL 21 with pGEX-5X-1-BPR1;
2, bacterial protein after induction with IPTG from transformed E. coli strain BL 21 with pGEX-5X-
1; 3, supernatant after lysis; 4, protein from pellet; 5, flow through; 6, sample from washing stage; 7,
5 µl from 15 µl eluted GST-BPR1 protein. l pGEX-5X-1 vector produces a 29 kDa GST fusion
protein and predicted BPR1 protein has 7 kDa molecular weight resulting in a total molecular weight
of 36 kDa.
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2- plexA carrying the prey protein (fused to the lexA DNA binding domain) and the yeast
selection marker His3.
3- pB42AD that carrying the cDNA library (cDNA library had been originally made by Van
der Biezen et al., 1999) and the yeast selection marker Trp1.
An interaction between target protein from plexA and a library-encoded protein from
pB42AD creates a novel transcriptional activator with binding affinity for the lexA operator
(Gyuris et al., 1993; Figure 52). This factor activates the reporter genes having an upstream
lexA operator which makes the protein-protein interaction phenotypically detectable.
b)
PADH1 TADH1
HIS3
ampr plexA
10,2kb
DNA-BD Bait protein
a)
LexA
URA3
ampr
p8op-lacZ
10,3kb
lacZ
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We fused the BPR1 coding sequence in frame to the DNA-BD (LexA) between the EcoRI and
the XhoI sites of yeast expression plexA vector and transformed it into EGY48 (p8op-lacZ).
Transformed EGY48 cells were grown on SD-His, -Ura medium accompanied with EGY48
(p8op-lacZ) as negative control and EGY48 (p8op-lacZ+plexA-PAD4) (described in Feys et
al., 2001) as positive control. EGY48 (p8op-lacZ+plexA-PAD4) and EGY48 (p8op-
lacZ+plexA-BPR1) grew on this medium after a successful transformation (Figure 53b).
Protein translation from the BPR1 bait vector was tested by protein extraction from EGY48
PGAL1 TADH1
TRP1
ampr pB42AD
6.45 kb
B42-AD Prey protein
c)
Figure 52. The matchmaker lexA two-hybrid system vectors. a) p8op-lacZ plasmid map.
p8op-lacZ carries the lacZ reporter gene under the control of eight lexA operators and the
minimal TATA region from the Gal1 promoter. The URA3  transformation marker is used for
selection in yeast. b) pLexA plasmid map. pLexA is used to generate fusions of the DNA-BD
(the 202 residue LexA protein) with a target or bait protein. Fusion protein expression is
controlled by the strong yeast ADH1 promoter. The HIS3 transformation marker is used for
selection in yeast. c) pB42AD plasmid map. pB42AD expresses cDNA sequences inserted
into the unique EcoRI and XhoI restriction sites. Fusion protein expression is under the control
of the GAL1 inducible promoter. The TRP1  transformation marker is used for selection in
yeast.
LexA operators minimal promotor LacZ or LEU2 reporter gene
DNA-BD
Bait protein
B42-
Library protein
transcription
Figure 51. Schematic diagram of the Mathchmaker LexA two-hybrid system. The DNA-BD is
the entire lexA protein, including the lexA DNA-binding domain and the dimerization
domain. The two reporter genes are separate constructs: lacZ is located on the p8op-lacZ
reporter plasmid, and LEU2 is integrated in the EGY48 genome. B42-AD is an 88-residue
acidic peptide with transcriptional activation function.
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(p8op-lacZ) as negative control, EGY48 (p8op-lacZ+plexA-PAD4) as positive control and
EGY48 (p8op-lacZ+plexA-BPR1) and western blot analysis of them using the anti-lexA
protein antibody. Enhanced chemiluminescence showed absence of the signal in EGY48
(p8op-lacZ) and signals in extracts from EGY48 (p8op-lacZ+plexA-PAD4) and EGY48
(p8op-lacZ+plexA-BPR1). Signals in the positive control were at a higher molecular weight
than the signal in EGY48 (p8op-lacZ+plexA-BPR1) because the BPR1 protein (7 kDa) is
smaller than the PAD4 protein (27.5 kDa) (Figure 53a). Also, we tested self-activation of our
construct by growing EGY48 (p8op-lacZ+plexA-BPR1)on SD-His, -Ura, -Trp and SD-Leu
accompanied with the positive control EGY48 (p8op-lacZ+plexA-PAD4pB42-EDS1). There
was not self-activation because it could not grow on these media (Figure 54a and b). After the
satisfactory results of the control tests, an amplified cDNA-library was transformed into
EGY48 p8op-lacZ+plexA-BPR1. Result of first transformation of EGY48 (p8op-lacZ+plexA-
BPR1) with cDNA-library plasmids indicated that the BPR1 protein may interact with
At2g39010, an aquaporin protein that is known as an intrinsic plasma membrane protein with
water channel activity, and water transport protein (Figure 54c).
Figure 53. EGY48 (p8op-lacZ+plexA-BPR1) produces BPR1 protein and grows on
SD-His,-Ura. a) immunoblot analysis was performed with extracted protein from 1-
EGY48 (p8op-lacZ+plexA-BPR1), 2- EGY48 (p8op-lacZ+plexA-PAD4), and 3-
EGY48 (p8op-lacZ+). Blotted proteins were probed with a primary antibody that
reacts specifically with the lexA antigen and a secondary anti-rabbit polyclonal
antibody . M, Page rulerTM prestained protein ladder. b) yeasts were plated on SD-Ura,-His.
I, EGY48 (p8op-lacZ+plexA-BPR1); II and IIII, EGY48 (p8op-lacZ+); and III EGY48
(p8op-lacZ+plexA-PAD4).
I
M 1 2 3
a b
II
III
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3-7 Summary of Results
We performed expression data analyses for BPR1 and PCC1, and functional analyses for
BPR1 in this work. We saw BPR1 induction in cell death because of B.cinerea and Pst (avr
Rpt2) and BPR1 induction was not dependent to SA signalling pathway and JA and ET
signalling pathway. However, it was induced by exogenous application of SA and not for ET
and JA. BPR1 over-expression lines showed susceptibility to Psp and B. cinerea, and
exhibited longer root in compare to Col-0 and BPR1 knockout plants. PCC1 induction by Pst
(avr Rpt2) was dependent to EDS1 and NPR1, and it was induced by exogenous application of
SA. BPR1 was expressed in root and flower, infect leaves but, PCC1 was expressed only in
infected and uninfectted leaves. BPR1 promoter::GUS activated in vascular tissue of root,
sepal, and petal. Also it expressed in developed ovule and filament. Polymorphism study
shaw PCC1 superfamily members have different polymorphisms in 10 accession of
Arabidopsis and we found a shorte PCC1 band in three of this accession. Also in order to
study BPR1 at the protein level, we expressed and purified BPR1 protein using GST fusion
a
bc
Figure 54. BPR1 protein does not indicate self-activation and interacts with aquaporin-protein
(At2g39010). Yeasts were plated on SD-Leu. a) EGY48 (p8op-lacZ+plexA-BPR1) did not
grow on this medium. b) EGY48 (p8op-lacZ+plexA-PAD4pB42-EDS1) grew on SD-Leu
as a positive control. c) EGY48 (p8op-lacZ+plexA-BPR1pB42-AQUAPORIN) grew on
SD-Leu as a novel interaction with BPR1 protein.
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protein system. LexA yeast-two-hybrid system was used for BPR1 proteinprotein
interaction.
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4 DISCUSSION
Initially when I came to our group, PCC1 had already been characterized as a gene that was
expressed in response to pathogen and showed circadian clock control. My aim in this work
was the characterization of the PCC1 gene superfamily. Therefore, I cloned and sequenced
these genes and thereafter tested their expression pattern under various conditions and also
performed functional analyses.
4-1 The PCC1 superfamily
Using protein blast with the PCC1 amino acid sequence and our own cloning, sequencing and
alignment efforts, we found four paralogous genes (BPR1 (=At1g05340), At2g32190,
At2g32200, At2g32210) which have at least 30% identity at the amino acid level to PCC1. All
genes encode theoretical proteins ranging in size from 68 to 81 amino acids. On the basis of
Dayhof’s family and superfamily definition which states that:
- Proteins that exhibit at least 50% similarity to each other at the amino acid level can be
considered to be members of a family.
- Homologous proteins that exhibit less than 50 % similarity to each other at amino acid
level can be considered to be members of a superfamily (1978).
On this basis we considered these five proteins to be a superfamily. A further argument, that
PCC1 and its superfamily members are in fact related to each other stems from the fact that
they show a similar genomic organisation with three exons and two introns of similar sizes.
Interestingly, the biggest exon in all members is exon 2. The three members on chromosome
2 and the one on chromosome1 have more than 70 % amino acid similarity to each other.
PCC1 shows high similarity to them in the first 51 amino acids. However, the C-terminal
amino acids show some divergence. The similarity of this superfamily at the amino acid level
and genomic organisation suggest that likely all members of this superfamily are derived from
a common ancestor gene with duplication events occurring at different times and thus might
contribute additively or redundantly to the same biological phenomenon.
To see whether PCC1 and its family members have redundant function and to study their
potential roles in pathogen defence, we tested circadian clock- and pathogen-mediated gene
regulation of the PCC1 superfamily members. Because of high similarity between the family
members and primer design limitations, we could not use real time PCR to detect their RNA
levels. Thus, we analysed them by Northern blot. We failed to detect expression of the three
members on chromosome 2, even though we loaded 50 µg of total RNA per lane, indicating
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an extremely low level of expression of these three members. Therefore, we focused on BPR1
expression pattern and its function in relation to pathogen and circadian clock rhythm. Results
of BPR1 expression in a short day experiment showed low basal expression of BPR1 at all
time points. That was in contrast to PCC1 which was expressed in circadian clock rhythm
with a peak of expression at the end of day. Thus from this aspect BPR1 was dissimilar to
PCC1 (Figure 11).
4-2 BPR1 and PCC1 expression analysis
4-2-1 BPR1 is induced by avirulent and virulent Pseudomonas
We analysed RNA extracted at various time points after plants were treated with avirulent and
virulent strains of Pseudomonas bacteria. Interestingly, BPR1 was specifically induced in
plants infected with the avirulent strain (avrRpt2) immediately after infection and steady state
mRNA levels reached a maximum at 24 hpt (Figure 12), coincident with the hypersensitive
response and cell collapse. BPR1 was not induced in plants treated with 5*106 cfu ml-1
virulent bacteria. However, when we elevated the bacterial concentration to 5*107 cfu ml-1,
BPR1 was marginally induced and its transcripts acumulated on the second day after
infiltration (Figure 13). BPR1 expression in response to the pathogens was similar to
Arabidopsis NDR1 and two of its homologs NHL25 and NHL3 that show avirulent pathogen-
dependent mRNA accumulation, while also their transcripts did not accumulate during
infection with virulent P. syringae pv. tomato DC3000 (Aarts et al., 1998; Varet et al., 2002).
The BPR1 induction pattern and its similarity to the above mentioned genes, prompted us to
test the idea that BPR1 might be a component specific for gene-for-gene resistance. Therefore,
we tested BPR1 induction in the gene-for-gene signalling pathway by use of R gene and
signal transduction mutants.
4-2-2 BPR1 induction by pathogens depended on resistance genes and their signalling
pathway
During the last decade, various genetic screens have identified signalling components
required in Arabidopsis to convey the signal from the R gene to the genes conditioning
resistance (Glazebrook, 2001). Accordingly, RPS2-mediated resistance is dependent on
RAR1(=PBS2), NDR1 and partially on PBS3, and the accumulation of SA (Delaney et al.,
1994; Aarts et al., 1998; Warren et al., 1999; Muskett et al., 2002; Tornero et al., 2002). We
wanted to test whether BPR1 induction after pathogen exposure was dependent on RPS2,
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RPM1, and NDR1. Therefore, we infiltrated rps2 mutants with avirulent bacteria and tested
for the expression of BPR1 at different time points. BPR1 was not induced by Pst(avrRpt2) in
the rps2 mutant, however, it was expressed in infected Col-0 (as control) (Figure 15). Thus, it
seems BPR1 induction to pathogen is dependent on the RPS2 resistance gene. We tested
expression of BPR1 in relation to another resistance gene RPM1 recognizing avrRpm1 in
gene-for-gene resistance (Tornero et al., 2002). The A11 transgenic Arabidopsis line which
has an inducible avrRpm1 expression system, was used to monitor BPR1 expression after
chemical activation of the RPM1 signalling pathway (Figure 16). BPR1 was induced by
avrRpm1 ( Figure 14) like NDR1 and the two homologs NHL25 and NHl3 (Vaart et al., 2002;
Aarts et al., 1998). Moreover, lack of BPR1 induction by pathogen in ndr1 mutants indicated
that BPR1 expression is related to this signalling pathway. These observations prompted us to
conclude that when a member of this signalling pathway was absent, either the R gene or its
downstream components, this resulted in the absence of a hypersensitive response (cell
death), and BPR1 was not induced. In other words, BPR1 induction appeared to be correlated
with cell death, which is also in accordance with the observation that virulent strains induced
BPR1 only at quite high concentrations, where some degree of cell death was als observed.
4-2-3 Is BPR1 dependent on SA and SA-dependent signalling pathways?
SA mediates plant defences against pathogens, with accumulation in both directly inoculated
and distal leaves in response to pathogen attack. Pathogenesis-related gene expression and the
synthesis of defensive compounds associated with both local and systemic acquired resistance
in plants require SA (Gaffney et al., 1993; Delaney et al., 1994; Lamb and Dixon, 1997;
Kachroo et al., 2000; Wildermuth et al., 2001). EDS1 and PAD4, which in planta form a
complex, act upstream of SA to promote SA accumulation (Falk et al., 1999; Jirage et al.,
1999). Mutations in EDS5 and SID2 abolish the increase in SA levels observed in inoculated
plants, suggesting that these genes function upstream of SA accumulation (Nawrath and
Mètraux, 1999). In fact, SA levels in eds5 and sid2 mutants are almost as low as they are in
plants carrying the NahG transgene, which encodes an enzyme that converts SA to catechol
(Yamamoto et al., 1965; Delaney et al 1995; Nawrath and Mètraux, 1999; Nawrath et al.,
2002). We wanted to test the effect of exogenous application of SA on BPR1 expression in
Col-0 plants; if there is BPR1 induction by SA, is it responding to the SA signalling pathway.
Therefore, we applied 2mM SA, a value that was shown previously to effectively induce
PCC1, on Col-0 plants and analysed BPR1 expression. SA induced BPR1 as it did PR1
(Figure 21). BPR1 induction by exogenous application of SA was like NPR1, PR1, EDS5, and
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FAD7 (encodes a plastid omega-3 fatty acid desaturase) (Yaeno et al., 2006; Glazebrook,
2001; Nawrath et al., 2002; Wiermer, 2005). To see whether BPR1 induction by pathogens is
dependent on the SA-signalling pathway, we infiltrated eds1, eds5, sid2, and npr1 mutants
with Pst (avrRpt2). Induction of BPR1 in all those genotypes indicated that BPR1 induction is
independent of these SA-signalling pathway genes (Figures 17, 18, 19, and 20). The
expression pattern of BPR1 related to SA-signalling is similar to FAD7 which is induced after
exposure to ozone. If we set the response to oxidative stress as equivalent to a pathogen-
induced hypersensitive response, FAD7 was induced by exogenous application of SA.
However, its expression is independent of NPR1 and SID2 (Yaeno et al., 2006). Pathogen
induction of BPR1 was absent in NahG plants (Figure 20) like absence of PR2 and PR5
expression in this plant (Delaney et al., 1994; Glazebrook et al., 1996; Nawrath and Mètraux,
1999; Zhou et al., 1998) and indicated that BPR1 induction is suppressed in NahG plants.
However, with regard to my results of pathogen induction of BPR1 in several mutants with
defects in SA signalling including: eds1, eds5, sid2, and npr1, lack of pathogen-mediated
BPR1 induction in NahG plants is likely not due to the absence of SA, but more likely is
related to SA hydroxylase products (catechol) or maybe an effect of the NahG gene on
reduction of camalexin and ET, and elimination of early production of JA after exposure to
Pst(avrRpt2) (Heck et al., 2003).
4-2-4 Is pathogen-mediated BPR1 induction under the control of JA and ET and their
signalling pathways?
JA and ET are important for resistance to necrotrophic pathogens (Thomma et al., 1995;
Thomma et al., 1999). Exogenous application of ET and JA to plants resulted in the activation
of genes encoding antimicrobial pathogenesis-related (PR) proteins (Penninkx et al., 1996;
Knoesk et al., 1998). The role of JA and ET in the activation of disease resistance
mechanisms was demonstrated by the observation that expression of the PDF1.2 gene and
other genes were prevented by mutations that block JA signalling (i.e. coi1) or ethylene
signalling (i.e. ein2-1). JA and ET seem to be required simultaneously, as PDF1.2 expression
is not activated by either ET treatment of coi1 plants or JA treatment of ein2-1 plants.
Furthermore, resistance to the fungal pathogen Alternaria brassicicola is compromised in
coi1 plants, and pre-treatment with JA enhances resistance to this pathogen (Thomma et al.,
1998; Block et al., 2005). Also, ein2 plants displayed enhanced susceptibility to the fungal
pathogen Botrytis cinerea (Thomma et al., 1999). We tested BPR1 expression after
exogenous application of JA and ET and observed absence of expression of BPR1 in both
Discussion 97
experiments (Figures 22 and 23). Also BPR1 induction by Pst(avrRpt2) was tested in coi1
mutants and our finding of BPR1 induction in this mutant indicated BPR1 induction is
independent of COI1 (Figure 24). Together, these results demonstrated pathogen-mediated
BPR1 inductions is independent of JA and ET. Consequently, absence of BPR1 induction in
NahG plants can not be due to less ET or absence of JA after infection with Pst(avrRpt2) in
NahG plants. From study of SA, JA-ET resistance signalling pathway, we understand BPR1
expression is dependent on SA, but it is not dependent on JA, ET, and COI1. Similar to this
result, Yaeno et al., 2006 observed that ozone-induced FAD7 expression requires SA, but not
ET, JA, NPR1, and SID2. Therefore, BPR1 is another example of the mutually exclusive SA
and JA/ET pathways, as are PR1 (for SA-dependent) or PDF1.2 (as JA/ET-dependent) genes
(Thomma et al., 1998; Nawrath and Mètraux, 1999).
4-2-5 Botrytis cinerea induces BPR1 but Alternaria brassicicola does not
B. cinerea is a necrotrophic plant pathogen that depends essentially on killing its host’s cells
before it can start a parasitic life cycle. It has been suggested that B. cinerea triggers the
hypersensitive response, which facilitates its colonization in plants. Hence, this fungus can
exploit the host’s defence mechanism for its pathogenicity (Govrin and Levine, 2000). We
infected Col-0 plants with B. cinerea spores to see whether it can induce BPR1 expression.
Infected leaves showed a necrotic area with extensive fungal growth. BPR1 was strongly
induced by this pathogen (Figure 25).
A. brassicicola can infect host species at all stages of growth, including seeds. An infection
leads to the formation of necrotic lesions. Plant responses to A. brassicicola infection are not
as well understood as those to other pathogens such as P. syringae and H. parasitica, which
are controlled by SA signalling pathways (Schenk et al., 2000). Currently, the role of JA and
ET signalling pathway in response to necrotrophic pathogens like A. brassicicola is not as
well understood as the role of SA signalling pathway in response to the above mentioned
pathogens. We wanted to test the expression of BPR1 after inoculation with A. brassicicola in
Col-0 plants. Therefore, we inoculated Col-0 plants with 5*105 spores ml-1, that resulted in
the development of small lesions. BPR1 was not induced by this pathogen (Figure 25). Lack
of BPR1 induction might be because of the small size of lesions that were not enough for
detecting BPR1 induction or the mechanism of cell damage caused by A. brassicicola does
not activate BPR1 induction, like lack of BPR1 induction by the cell death caused by
wounding. Collectively, if we analyse my entire BPR1 expression data after inoculation with
different pathogens: Pst, Pst(avrRpt2), B. cinerea, and A. brassicicola, we can conclude that
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when there is intensive necrotic lesions, like observed in B. cinerea or in the case of the
hypersensitive response provided by Pst(avrRpt2), this gene became induced. This is quite
similar to the results of Govrin and Levine (2000) who showed B. cinerea triggers HR, which
facilitates its colonization of plants. BPR1 induction was seen on the one hand by
Pst(avrRpt2) (which caused the hypersensitive response) and on the other hand it was induced
by B. cinerea that triggers HR. Hence, we conclude that BPR1 induction occurs when there is
hypersensitive response.
4-2-6 Organ-specific BPR1 expression
We analysed BPR1 expression throughout Arabidopsis development. The result of Northern
blot analysis with different Arabidopsis organs and leaves inoculated with Pst(avrRpt2)
indicated that it was expressed in roots and flowers and not in leaves and stems. However, it
was induced in infected leaves (Figure 26). The BPR1 organ-specific expression pattern is
reminiscent of that observed by Alexandersson et al. (2005) for aquaporins (AQPs). They
showed that many AQPs are predominantly expressed in either roots or flower organs,
whereas no AQP isoform seemed to be leaf-specific. For example AtNIP1 (an AQP) was
highly expressed in roots and to a lesser extend in flowers, however, in leaves it was almost
below detection limit (Alexandersson et al., 2005). This result and my result of BPR1
promoter activation in vascular tissue of roots and flowers, infected leaves, and also in mature
ovules suggested two hypotheses:
• BPR1 might have a role in water transport because Pst(avrRpt2) produces water soaked
lesions on the leaves and also developing ovules. These two observations and the
activation of the BPR1 promoter in vascular tissue support this hypothesis.
• Alternatively, the activation of the BPR1 promoter in vascular tissues and developing
ovules is because of the execution of cell death in these differentiating tissues and is in
accordance with BPR1 activation after HR cell death in response to pathogens.
4-3 PCC1 pathogen induction is related to SA-signalling pathway
PCC1 was induced by exogenous application of SA similarly to BPR1 (Figure 21). It showed
these two members of the PCC1 superfamily are similarly regulated in this aspect. We wanted
to know more about the PCC1 induction by Pst(avrRpt2) in SA-signalling pathway mutants
and NahG transgenic plants, and compared this with BPR1 induction. Thus, we hybridized the
same membranes which we had used for the BPR1 experiments with a PCC1-specific oligo-
nucleotide probe. We observed that pathogen-mediated PCC1 induction is independent from
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EDS1 and SID2 which is again similar to the BPR1 induction in these mutants (Figures 17 and
19). PCC1 induction by Pst(avrRpt2) was dependent on EDS5, and NPR1 as we concludes
from the fact that PCC1 induction was suppressed in the respective mutants. Also, complete
suppression of PCC1 expression was seen in NahG transgenic plants (Figures 18 and 20).
Comparison of PCC1 and BPR1 induction by pathogen in these mutant plants indicated that
they are different in relation to NPR1 and EDS5, because BPR1 induction was conserved in
these two mutants. Interestingly, not only pathogen-mediated induction of PCC1 was absent
in NahG plants but also the circadian clock control was lost, Similar to the situation in npr1
mutants. This demonstrated that PCC1 expression was affected by these genetic backgrounds
and allowed to speculate that pathogen-responsive as well as rhythmic PCC1 expression is
directly mediated by NPR1. However, the fact that in eds5 plants, which cannot accumulate
high SA levels after pathogen insult (Nawrath and Mètraux, 1999; Nawrath et al., 2002), the
rhythmic expression of PCC1 was still observed, complicates such a simple model. Maybe in
those mutants SA delivered via the PAL route is sufficient to allow the diurnal expression of
PCC1, however, lack of pathogen-responsive SA accumulation doesn’t allow for elevated
PCC1 expression. This PCC1 characteristic was similar for BPR1 (Figure 18).
4-3-1 PCC1 and R genes
PCC1 induction through pathogens in rps2 mutants and during compatible interactions in the
wt demonstrated that it is not dependent on R genes. This is in contrast to BPR1 which
depended on RPS2. PCC1 induction by chemical stimulation of R gene signalling in A11
EDS5
NPR1
PCC1
+
+
NahG
BPR1 and PCC1
_
SA
BPR1 and PCC1
+
Figure 55. Schematic representation of the control of BPR1 and PCC1 expression in SA treatment
and SA-signalling pathway mutants. -, negative effect on expression ; +, positive effect on
expression.
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transgenic plants, which have the inducible avrRpm1 expression system showed that PCC1
was activated by this R gene, much as we observed for BPR1.
4-3-2 Reduction of PCC1 expression in plants infected with B. cinerea and increase of
PCC1 expression in plants inoculated with A. brassicicola
Rhythmic PCC1 expression was reduced in plants infected with B. cinerea in comparison to
the mock-inoculated plants (Figure 25). In comparison to BPR1 that showed increased
expression, rhythmic PCC1 expression was much reduced. On the other hand, A.
brassicicola-induced PCC1 expression while it had no effect on BPR1 expression. From the
four pathogens that we tested, three of them Pst, Pst(avrRpt2), and A. brassicicola induced
PCC1 and only B. cinerea reduced its expression. Therefore, PCC1 might be a component of
the basal defence machinery. In comparison, only two (Pst(avrRpt2) and B. cinerea) of these
four pathogens induced BPR1 (Figures 12 and 25). Thus, rather than being redundant, these
two genes are to some extent complementary. Duplication of the common ancestor gene
might have resulted in specialisation of the individual genes, i.e. PCC1 and BPR1 might have
similar roles in pathogen defence. however, they respond to a different set of pathogens.
Circadian clock
Pst(avrRpt2)
Alternaria
Pst
Promoter PCC1 exons and introns
Botrytis
+_
a
Promoter PCC1 exons and introns
Pst(avrRpt2)
Botrytis
Pst (marginally)
+
b
Figure 56. Scheme  of BPR1 and PCC1 induction by Pst, Pst(avrRpt2), A. brassicicola, and B.
cinerea. -, reduction of expression; +, induction.
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4-3-3 Specific expression of PCC1 in leaves
We tested PCC1 expression in various Arabidopsis organs (roots, uninfected and infected
leaves, stems, and flowers). PCC1 was specifically expressed in uninfected and infected
leaves. Comparison of BPR1 and PCC1 organ-specific expression demonstrated that, except
regarding their expression in infected leaves, the complementary diversification observed in
response to various pathogens is also upheld in the organ-specific expression, because BPR1
was expressed in roots and flowers. It is tempting to speculate that PCC1 and BPR1 function
is important, so that the plant has separated the function and placed it in two independent
genes.
4-4 Functional analyses BPR1
In order to get an idea of the function of BPR1 in the plant, we followed two classical
experimental approaches:
• over-expression as a gain-of-gene-function approach and
• loss-of-gene-function by antisense expression and insertional mutagenesis.
There were two possible predicted outcomes: either BPR1 contributes to resistance, then we
would expect BPR1 over-expressing plants to be more resistant and knockout plants to be
more susceptible. Alternatively, BPR1 might function as a susceptibility factor. In this case,
over-expressing plants are expected to be more susceptible while the knockout plants should
be more resistant. A third possibility would be that pathogen-mediated BPR1 induction is
purely “accidental” and BPR1 over-expression and knockout plants would show no difference
in response to pathogens.
4-4-1 BPR1 over-expression and knockout plants do not show visible differences in
symptom development after inoculation with Pst, Pst(avrRpt2), H. parasitica and A.
brassicicola as compared to Col-0 plants
BPR1 over-expression, knockout and Col-0 plants were infected with Pst(avrRpt2) to see
whether the observed BPR1 gene induction would correlate with an altered response to those
pathogens. However, we observed a hypersensitive response at 24 hpt in all plants (Figure
33). Since this is a very coarse way of assessing a pathogen-response phenotype, we wanted
to test the interaction between the pathogen and the various genotypes also in a more
quantitative way. Tests on the proliferation of bacteria in these plants were performed and
bacteria were re-isolated directly after infiltration and again three days later. The titre of
bacteria at 72 hpt indicated that the bacterial concentration was about 3-fold higher in over-
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expression lines than in Col-0 and BPR1 knockout plants (Figure 34). In the light of this result
and the result of the BPR1 expression in response to Pst(avrRpt2) and lack of BPR1
expression in infected rps2 and ndr1 and BPR1 promoter activation in vascular tissue, we
suggest that it is induced when we have one particular kind of cell death that follows
signalling from cell death due to Pst(avrRpt2). There is one question here:
Why was BPR1 induced by Pst(avrRpt2) but BPR1 over-expression lines did not show a
strong phenotype? I think, BPR1 has a dominant effect on response to Pst(avrRpt2) but not an
additive effect. Therefore, there was no clear phenotypic difference between BPR1 over-
expression lines and Col-0 plants as control. If this were true, however, we would expect to
see a phenotype with a BPR1 knockout line. Why was this not observed? It might be because
of redundancy between members of the PCC1 superfamily. Thus, lack of BPR1 might be
compensated for by other members.
We infected BPR1 over-expression, knockout, and Col-0 plants with virulent Pst because of
the (albeit marginal) expression of BPR1 after inoculation with this pathogen and our
hypothesis that PCC1 might have a role in basal defence; maybe also BPR1 has a role in this
defence against virulent pathogens. Infected leaves in all plants showed a compatible
interaction between host and pathogen with the appearance of necrotic lesions at the same
time points (Figure 35). Analysis of bacterial growth in all plants did not indicate any
difference between them (data not shown). Also, A. brassicicola did not create different
symptoms in BPR1 over-expression, knockout, and Col-0 plants. We inoculated plants with
different spore concentrations of this fungus but there was no difference between the plants:
all showed necrotic lesions that were similar in size (Figure 38). This result was not so far
from our expectations because BPR1 was not induced by A. brassicicola in our BPR1
pathogen induction experiments.
We also tested the H. parasitica isolate WELA as another pathogen and analysed its
symptoms in BPR1 over-expression, knockout, and Col-0 plants. However, there was no
difference between the plants. For these three pathogens the correlation between induction of
gene expression, where observed, and function in defence reaction was not observed.
4-4-2 BPR1 over-expression lines showed susceptibility to P. syringae pv. phaseolicola
Arabidopsis plants are resistant to the non-host pathogen Psp and completely arrest bacterial
multiplication in the plant (Lu et al., 2001). However, it is a specific pathogen for the French
bean, Phaseolus vulgaris. In halo blight of French beans caused by Psp two races of the
pathogen can be distinguished on cv (cultivar). Red Mexican which is resistant to race 1 but
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susceptible to race 2 isolates. But, cv. Canadian Wonder is susceptible to both races (Omer
and Wood, 1969). Lu et al.(2001) isolated 10 Arabidopsis mutants that were compromised in
non-host resistance to Psp NPS3121. Among these, nho1 was caused by a single recessive
mutation that defines a novel gene. nho1 is defective in non-specific resistance to
Pseudomonas bacteria, because it also supported the growth of P. s. pv. tabaci and P.
fluorescens bacteria, both of which are non-pathogenic on Arabidopsis (Lu et al., 2001). In
addition, the nho1 mutation also compromised R-gene-dependent resistance mediated by
RPS2, RPS4, RPS5, and RPM1 but did not have any effect on the growth of the virulent
bacteria P. s. maculicola ES4326 and Pst. NahG plants (Yamamoto et al., 1965) are defective
in non-host resistance to P. s. phaseolicola strain 3121 and a variety of fungal, bacterial,
oomycete, and viral pathogens (Delaney et al.,1994; Gaffney et al., 1993; Kachroo et al.,
2000; Glazebrook, 2001).
Van Wees and Glazebrook (2003) reported that susceptibility of NahG plants to Psp is not
due to low amounts of SA in these plants but on the accumulation of catechol seen in those
plants. This conclusion came from their experiments with several mutants with a defect in SA
signalling (eds1, pad4, eds5, sid2, and npr1) which remained resistant to Psp and because
treatment of plants with catechol compromised Psp resistance (Van Wees and Glazebrook,
2003).
We tested BPR1 over-expression, knockout and Col-0 plants in response to 1*107 cfu ml-1
Psp3121. We did not see any necrosis in Col-0 plants as control and BPR1 over-expression
and knockout plants. However, when we inoculated them with a high concentration of
bacteria (1*108 cfu ml-1) we observed necrosis in all plants (data not shown). Therefore, BPR1
did not condition any phenotype to Psp 3121.
But when we used Psp 710A (race1) (Slusarenko and Wood, 1980) as non-host pathogen, we
observed necrosis in BPR1 over-expression lines (Figure 36). We also tested the growth of
bacteria in these plants at 5 days after treatments and it showed bacteria could not multiply in
Col-0 and the two over-expression lines. Instead, we re-isolated lower numbers than we
infiltrated but, interestingly, the number of bacteria in over-expression lines was at least 7 fold
more than the number in Col-0 (Figure 37). This means that the bacteria are eliminated in
BPR1 over-expression lines at a lower rate than in Col-0 plants and it maybe a toxin of
bacteria causing necrosis in over-expression lines.
In a comparison between BPR1 over-expression lines, susceptibility to Psp 710A (race1) and
above mentioned NahG plants susceptibility to Psp, we can speculate that in BPR1 over-
expression lines susceptibility does not have any link to susceptibility of NahG plants to Psp
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3121. Because at first we tested isolate 3121 on BPR1 over-expression lines and did not find
any difference between BPR1 over-expression lines and Col-0 plants in response to this strain.
Also, lack of BPR1 expression in infected NahG plants showed NahG gene suppressed BPR1
induction by Pst (avrRpt2).
The nho1 mutant is similar to BPR1 over-expression lines since it had no effect on the growth
of virulent Pst and susceptibility to Psp (Lu et al., 2001).
4-4-3 BPR1 over-expression lines showed susceptibility to Botrytis cinerea
B. cinerea is a necrotrophic fungal pathogen that attack over 200 different plant species (Elad,
1997). The disease is manifested by necrotic area with extensive fungal growth, giving the
characteristic appearance of grey mould. The molecular and cellular mechanisms involved in
resistance to B. cinerea and its genetic control are poorly understood.
The BOS1 (Botrytis-susceptibility1) gene of Arabidopsis was isolated based on a T-DNA
insertion allele that resulted in increased susceptibility to B. cinerea infection. It is also
required to restrict the spread of A. brassicicola, and in the case of the biotrophic pathogens
Pst and the oomycete parasite P. parasitica, bos1 exhibit enhanced disease symptom
(Mengiste et al., 2003). The rate of development of B. cinerea disease symptoms on primary
infected leaves was affected by responses mediated by the genes EIN2, JAR1, EDS4, PAD2,
and PAD4, but it was largely independent of EDS5, SID2/ICS1, and PAD4. Furthermore,
plants expressing a NahG transgene or treated with a phenylalanine ammonia lyase (PAL)
inhibitor showed enhanced symptoms suggesting that SA synthesized via PAL, and not via
isochorismate synthase (ICS), mediates lesion development (Ferrari et al., 2003).  Although
npr1 mutant leaves were normally susceptible to B. cinerea infection. A double mutant ein2
npr1 was significantly more susceptible than ein2 plants, and exogenous application of SA
decreased B. cinerea lesion size through an NPR1-dependent mechanism that could be
mimicked by the cpr1 mutation (Ferrari et al., 2003).
Camera et al. (2005) reported PLP2 (a pathogen-inducible patatin-like lipid acyl hydrolase)
facilitates fungal and bacterial host colonization in Arabidopsis. Plants silenced for PLP2
expression were much more sensitive to this necrotrophic fungus. Repression of PLP2 over-
expression increased resistance to avirulent bacteria, while PLP2 over-expressing plants
allowed multiplication of avirulent bacteria close to the titre reached by virulent bacteria
(Camera et al., 2005).
We tested BPR1 over-expression and knockout plants against B. cinerea and observed that the
two BPR1 over-expression lines were much more susceptible to it in comparison to Col-0
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plants as control. BPR1 knockout plants showed less susceptibility to this fungus than Col-0
plants (Figure 39 and 41). Therefore, the function of the BPR1 gene seems to be different
from the function of BOS1, because BOS1 knockout plants showed susceptibility. Moreover,
BOS1 knockout plants showed susceptibility to A. brassicicola, Pst, and H. parasitica.
However, we did not observe susceptibility to these two pathogens in BPR1 over-expression.
Also BOS1 expression is dependent on the COI1 gene which it is not true for the BPR1 gene.
Susceptibility of BPR1 over-expression plants to B. cinerea is similar to the susceptibility
seen in PLP2 over-expression plants to this pathogen. Moreover, repression of both genes
enhanced resistance to B. cinerea. Also PLP2 over-expression plants allowed avirulent
bacteria to multiply to a level approaching the titre reached by virulent bacteria that is similar
to our obervations in BPR1 over-expression lines. Pst(avrRpt2) bacteria grew more in BPR1
over-expression lines than in Col-0 but it was not equal to the titre reached by virulent
bacteria.
4-4-4 BPR1 over-expression lines had longer roots
The Arabidopsis root has a simple structure. Single layers of cells constitute the epidermal,
cortical endodermal, and pericycle tissues, respectively, as well as having only a simple set of
cells in its vascular tissue. Little is known about the principle and mechanism of root
development. Loss of function mutations affecting root growth and development provide a
means to decipher the genetic mechanism of root development (Galway et al., 1994). Roots of
ein2-1 mutant plants grew longer compared with wild-type roots but the length of root hairs in
this mutant was extremely short (Rahman et al., 2002). Veronese et al. (2005) reported a
Botrytis-induced serine/threonine protein kinase (BIK1) gene that was transcriptionally
regulated by Botrytis cinerea infection. Inactivation of BIK1 causes severe susceptibility to
necrotrophic fungal pathogens and altered root growth characteristics producing more and
longer root hairs. BPR1 over-expression lines showed 30 % longer roots and root hairs than
Col-0 plants and they were also susceptible to B. cinerea and Psp. BPR1 knockout plants
showed shorter roots (18 %) than Col-0 (Figures 42 and 43). These phenotypes and BPR1
expression in roots and flowers demonstrates that BPR1 is not only important in response to
pathogens but also it is required for normal plant growth and development.
4-4-5 BPR1 promoter was active in root vascular tissue, flowers, and infected leaves
Analysis of the BPR1 promoter:β-glucuronidase (GUS) reporter gene fusion, confirmed that
BPR1 induced by Pst(avrRpt2) at the site of inoculation. BPR1 was expressed in vascular
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tissue of roots that suggests it has a role in water transport. Primary BPR1 protein interaction
experiment by yeast two–hybrid-system showed it interacted with an aquaporin protein that
has relation to water transportation and water channels supporting the hypothesis that BPR1
might have a role in water transportation. Histochemical localization of GUS activity in
transgenic Col-0 plants demonstrated BPR1 expression in sepal and petal vascular tissue,
filament, developing ovule, and stigma. BPR1 promoter activity in flower was similar to
At4g3355 gene which is a protease inhibitor/lipid transfer protein (Nakayamo et al., 2005).
BPR1 promoter activity in specific Arabidopsis organs supports a potential role of BPR1 in
plant development (Figure 45). However, in BPR1 overexpression and knockout plants we did
not see any phenotype affecting flower development or fertility.
4-5 Natural variation in the PCC1 superfamily
Diversity in natural populations generated by the influence of evolutionary forces, namely
drift and selection, which govern the evolutionary fate of such variants in their natural
environment, can be exploited to identify natural mutant and quantitative trait loci (QTLs), to
perform genotype/phenotype association studies and explore the ecological and evolutionary
forces shaping currently observable genetic diversity. CF-4/9 and CF-2/5 loci encode
resistance to Cladosporium fulvum in tomato. Haplotypes conferring different resistance
specificities (or no resistance) to C. fulvum have been introgressed from wild relatives into
cultivated tomatoes. These multiple R gene homologs were created by recombination within
and between haplotypes (Parniske et al., 1997; Dixon et al., 1998). The Cf-5 gene and six
homologs showed pronounced allelic variation in leucine-rich repeat copy number (Dixon et
al., 1998).
Arabidopsis is an ideal candidate for the study of polymorphism because it is well studied for
molecular biological, and genetic analyses (Alonso-Blanco and Koorneef, 2000). The RPS2
Arabidopsis gene sequences from 28 ecotypes revealed that silent differences between
resistance and susceptibility alleles are clustered because of the selective maintenance of
variation in 5`LRR region (Mauricio et al., 2003).
We considered PCC1 superfamily polymorphisms in ten accessions of Arabidopsis thaliana
(Ct-1, Oy-0, Cvi-0, St-0, Shakdara, Mt-0, Mh-1, Ms-0, Ta-0, and Bur-0) which were shown to
have a high degree of diversity in four Arabidopsis genes (McKhann et al., 2004). PCC1
bands were amplified in wild-type lengths from Oy-0, Bur-0, Cvi-0, St-0, Mt-0, Mh-1, and
Ms-0. However, no PCC1 band was amplified from Ct-1, Shakdara, Ta-0. PCC1 showed a
shorter PCR band in Oy-0, Bur-0, and St-0. Sequencing this shorter band showed deletions in
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exon2, exon3, and the entire intron 2. In addition, there were four single nucleotide exchange
mutations in it. Therefore these accessions can be regarded as naturally occurring PCC1
mutants. Interestingly, Cvi-0 appears to have only the PCC1 gene and our attempts to PCR
amplify the other members from this superfamily failed. Therefore, Cvi-0 could be useful to
find a PCC1 phenotype through e.g. silencing PCC1. If Cvi-0 plants do not have the other
members of the PCC1 superfamily, we do not have redundancy effect of another members of
this superfamily. We tested the circadian clock expression pattern of the natural PCC1 mutant
form in Oy-0 and St-0. PCC1 mutant expression pattern in a short day experiment was similar
to PCC1 in Col-0. However, we think the PCC1 mutant is probably inactive at the protein
level. BPR1 PCR bands were observed only in three accessions: Bur-0, St-0, and Mt-0. The
three members on chromosome 2 of the PCC1 superfamily were present in all accessions
except Cvi-0 (Figure 46). Officially, these numbers of accessions are not enough for
polymorphism studies. However, polymorphism data from these 10 accessions showed the
three members on chromosome 2 of PCC1 superfamily are in one cluster because of their
same existence and absence indicating either complete loss or complete conservation during
evolution in these 10 accessions. PCC1 was present in 7 from 10 accessions. Therefore, it
offered a link to 3 members on chromosome 2. However, BPR1 only was existent in 3 from
10 accessions that means evolution of BPR1 is different from the other members of the PCC1
superfamily.
4-6 Future prospects
We have shown that the PCC1 superfamily is comprised of five polypeptides ranging in size
from 68 to 81 amino acids. They have high similarity at the first 51 amino acids from the N
terminus. Thus, it seems they are derived from a common ancestor. Similarity of them and
somewhat common PCC1 and BPR1 (two members of this superfamily that we can detect by
northern blot) expression pattern in exposure to SA and pathogens imply at least in some case
such as pathogen response, they should present almost similar phenotype. Therefore, double
knockouts of PCC1 and BPR1 could result in a more severe phenotype in relation to
Pst(avrRpt2). However, it should not be forgotten that the 3 paralogs on chromosome 2 might
repair loss of BPR1 and PCC1 genes. Thus, it seems the Cvi-0 accession which might have
only the PCC1 gene from this superfamily is an ideal plant for future study on PCC1
superfamily roles. Because with creating a transgenic PCC1 RNAi Cvi-0 plant, we can find a
role of this superfamily in this Arabidopsis since there should be no problem of redundancy.
But several data from PCC1 and BPR1 expression showed they did not behave the same, for
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example organ-specific expression, induction by necrotrophic fungi and Pst, and induction by
Pst(avrRpt2) in eds5 and npr1 mutants. As they are probably minor effect genes, it is a useful
idea that we test them in one protein interaction system like yeast-two-hybrid system. It leads
to find their relation to major effect genes. It is useful to better understand their role in plant-
pathogen interaction and plant development. Also, the role of BPR1 in susceptibility to B.
cinerea and Psp needs to be studied in more detail, e.g. the relation to hydrogen peroxide,
ozone, catechol. It looks like the BPR1 gene actually links in the plant response to pathogen
and plant development. But, how a single small protein regulates these two processes that are
singularly independent, is a subject fur future study.
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5 ABSTRACT
Analysis of a Pathogen and Circadian Clock controlled Arabidopsis gene, PCC1, revealed
five paralogs in the genome of this model plant on chromosomes 1, 2 and 3. The expression
pattern of these five members of the PCC1 super-family under various conditions and after
particular stimuli was followed by Northern blot analysis with gene-specific oligo probes.
One particular paralogue (At1g05340) was found to be associated with susceptibility to
pathogens and altered root length and was chosen for further in-depth study. The locus was
renamed “BPR1” (Botrytis and Pseudomonas syringae pv. phaseolicola susceptibility and
Root length). BPR1 expression was very low in unstressed plants, but was induced by
exogenous application of salicylic acid (SA). BPR1 transcripts were detectable by 2 h after
infiltration of Arabidopsis with an avirulent strain of Pseudomonas syringae and one day after
infiltration with a higher concentration of virulent P. syringae. Transcript levels remained
elevated until the second day after treatment. Inoculation with Botrytis cinerea caused
accumulation of BPR1 transcripts for 4 consecutive days whereas PCC1 expression
decreased. BPR1 and PCC1 expression did not increase after inoculation with Alternaria
brassicicola. Pseudomonas-induced BPR1 expression was observed in several defence
signalling mutants (eds1, eds5, sid2 and npr1) and the jasmonic acid signalling pathway
mutant (coi1). In contrast, Pseudomonas-induced PCC1 expression did not occur in these
defence signalling mutants. However, Pseudomonas induced neither BPR1 nor PCC1
expression in NahG plants. Exogenous application of methyljasmonate and ethylene did not
induce BPR1 expression by 4 h after treatment. BPR1 induction was dependent on the
resistance gene RPS2 and on NDR1. In contrast, PCC1 induction was not dependent on the
RPS2 resistance gene.
Organ specific expression studies showed BPR1 was expressed in roots, flowers and infected
leaves but not in uninfected leaves and stems. By contrast, PCC1 expression was seen only in
infected and uninfected leaves. Histochemical localization of GUS activity in transgenic Col-0
plants demonstrated BPR1 expression in vascular tissue of roots, sepals, and petals and in
filaments, developing ovules, stigmas, and infected leaves.
Over-expression of BPR1 was achieved by use of the constitutive 35S promoter and a knock
out BPR1 line was characterized which had a T-DNA insertion in the promoter region of the
BPR1 gene. Four-week-old 35S::BPR1 plants exhibited chlorotic symptoms 8 days after P.
syringae pv. phaseolicola infiltration. Bacterial re-isolation experiments revealed at least 7
fold more bacteria in over-expression lines than in the wild-type. 35S::BPR1 plants showed
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increased susceptibility to Botrytis cinerea in comparison to wild-type and knockout BPR1
plants. In a symptom category from 1 (low) to 5 (intensive), most over-expression plants were
placed to categories 4 and 5, in contrast the majority of wild-type and knockout plants which
were placed into categories 2 and 3.
Roots of 35S::BPR1 plants were almost 30% longer than knockout BPR1. The data from the
root length measurements were analyzed by completely randomized design which came from
2 over-expression lines, knockout and wild-type plants. The means of the root lengths were
compared by Duncan’s test and differences were found to be significant at the P<1% level,
BPR1 knock-out, wild-type and over expression plants comprised 3 separate classes: a, b and
c from the shortest to longest roots, respectively.
To study genetic polymorphisms in the PCC1 superfamily we chose 10 accessions (Ct-1, Oy-
0, Bur-0, Cvi-0, St-0, Shakdara, Mt-0, Mh-1, Ms-0, Ta-0) of Arabidopsis for which McKhann
et al. (2004) have shown in  genetic differences in four genes. Member-specific primers were
chosen from the 5`UTR and 3`UTR regions. Polymorphisms were seen for all PCC1
superfamily members. A PCC1 natural mutant was found in some accessions which showed a
145 bp smaller PCR band. Sequence analysis revealed a deletion of the end of exon 2, of the
entire intron 2 and the beginning and the end of exon 3. Additionally there were 4 single
nucleotide substitutions in exon 2 and exon 3. Rhythmic transcript fluctuations of the PCC1
natural mutant suggest normal expression at least at the RNA level.
BPR1 protein was expressed as a GST (Gluthation S transferase) fusion in E. coli to produce
polyclonal antibody. To study BPR1 protein interactions, the lexA yeast-two-hybrid system
was used. The BPR1-bait vector was tested in yeast for protein expression and self-activation.
A lexA yeast two hybrid cDNA library from pathogen-challenged Arabidopsis was amplified.
A preliminary experiment indicated that BPR1 protein might interact with At2g39010, an
aquaporin that is known as an intrinsic plasma membrane protein with water channel activity,
and water transport protein.
In summary, BPR1 and PCC1 appear to have a rather complementary instead of a redundant
expression pattern. From my results, BPR1 appears to be a susceptibility factor for certain
pathogens in Arabidopsis.
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7 APPENDICES
7-1 Abbreviations
AD Activation domain
amp Ampicillin
APS Ammonium persulfate
avr Avirulence
bla β-lactamase gene for selection in bacteria (ampicillin/carbenicillin resistance)
BSA Bovine serum albumin
bp Base pair
C Centigrade
carb Carbenicillin
CC Coiled coil
cDNA Complementary DNA
cfu Colony forming units
Cf-2 Resistance gene to Cladosporium fulvum 2
Cf-9 Resistance gene to Cladosporium fulvum 9
coi1 Coronatine insensitive 1
Col-0 Columbia
CSM Complement supplement mixture
cv Cultivar
DNA Deoxyribonucleic acid
DNA-BD DNA-binding domain
dNTP Deoxyribonucleoside triphosphate
DMSO Dimethyl sulfoxide
DTT Dithiothreitol
E. coli Escherichia coli
EDS1 Enhanced disease susceptibility 1
EDS5 Enhanced disease susceptibility 5
EDTA Ethylene diamine tetraacetic acid
Eppi Eppendorf tube
EtOH Ethanol
Fig Figure
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gDNA Genomic DNA
GST Glutathion S-transferase
h Hour (s)
HIS Histidine
hpt Hour past treatment
ICS Isochorismate synthetase
IPTG Isopropyl B-D-thiogalactopyranoside
kb Kilobase pair
kDa Kilodalton
km Kanamycin
L Liter
L6 Flax rust resistance gene
LAR Local acduired resistance
LB Luria Bertani medium
LB Left border
Ler Landsberg
LEU2 Leucin selection marker
LRR Leucine rich repeats
M Molarity
mg Milligram
min Minute
mL Milliliter
MPBS Non-fat skim milk powder in PBS
MOPS 3-(N-morpholino) propane sulfonic acid
mRNA Messenger RNA
MS Murashige and Skoog Basal medium
N A tobacco mosaic virus resistance gene
NBS Nucleotide binding site
NPR1 Non-expressor of PR1
OD Optical density
PAL Phenylalanine ammonia lyase
PAD4 Phytoalexin deficient 4
PBS Phosphate buffered saline
PBST 0.1% Tween-20 in PBS
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PCR Polymerase chain reaction
PEG Poly ethylene glycol
PEL Pellet
PR1 Pathogenesity related gene 1
PR2 Pathogenesity related gene 2
PR5 Pathogenesity related gene 5
Prf Pseudomonas resistance and fenthion sensitivity gene
Psp Pseudomonas syringae pv. phaseolicola
Pst Pseudomonas syringae pv. tomato
pto Resistance gene to Pseudomonas syringae pv. tomato race 0
RB Right border
Rif Rifampicin
RNA Ribonucleic acid
RNase Ribonuclease
rpm Rounds per minute
RPM1 Resistance gene to P. syringae pv. maculicola
RPP5 Resistance gene to P. parasitica
RPS2  Resistance gene to P. syringae pv. tomato
RPS4 Resistance gene to P. syringae
RRS2 Resistance to Ralstonia solanacearum
RT Room temperature
RT-PCR Reverse transcriptase-polymerase chain reaction
s Second
SAR Systemic acquired resistance
SID2 Salicylic acid induction deficient 2
SDS-PAGE Sodium dodecyl sulphate-polyacrylamide gel electrophoresis
SUP Supernatant
Taq Thermus aquaticus
TEMED N, N, N´, N´-tetramethyl ethylene diamine
TIR Toll/interleukin receptor
TRP Tryptophan
TRR Toll/interleukin receptor-like domain
URA Uracil
UV Ultraviolet
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v/v Volume per volume
vir Virulence
w/v Weight per volume
WS Wassilewskija-0
Xa21 Xanthomonas oryzae pv. oryzae (Xoo) resistance gene
X-gal 5-bromo-4-chloro-3-indolyl- ß- D -galactoside
X-Gluc X-Glucuronide
YNB Yeast nitrogene base
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7-2 Figures
Figure 1. The gene-for-gene interaction. Quadratic check of gene combinations and the
resulting different interaction types in gene-for-gene interaction.
Figure 2. Schematic representation of plant disease resistance (R) proteins and a model
coupling the recognition of microbial avr-dependent ligands.
Figure 3.  Scheme of the inducible avrRpm1 expression system.
Figure 4. Three R-gene dependent pathways are shown, one that requires NDR1 and PBS2, a
second that requires EDS1 and PAD4, and a third for which the required genes have not been
reported.
Figure 5. SA-dependent pathogen defence signalling.
Figure 6. Northern blot assembly.
Figure 7. Positions of PCC1 gene family members on the five A. thaliana chromosomes.
Figure 8. Multiple amino acid sequence alignment of the PCC1 superfamily
Figure 9. PCC1 paralogs PCR bands.
Figure 10. RT-PCR bands of PCC1 paralogs.
Figure 11. BPR1 is expressed at a low basal level throughout a 24 h day.
Figure 12. BPR1 is induced after exposure to Pst(avrRpt2).
Figure 13. BPR1 is induced after exposure to virulent Pst.
Figure 14. BPR1 and PCC1 are induced by avrRpm1.
Figure 15. BPR1 is not induced by Pst(avrRpt2) in rps2 mutant plants in contrast to PCC1
that conserved its circadian clock and pathogen induction in this mutant.
Figure 16. BPR1 is not induced by Pst(avrRpt2) in ndr1 mutant plants.
Figure 17. BPR1 and PCC1 are induced in eds1 mutant plants by Pst(avrRpt2).
Figure 18. BPR1 is induced by Pst(avrRpt2) in eds5 mutant plants but PCC1 is not.
Figure 19. BPR1and PCC1 are induced by Pst(avrRpt2) in sid2 mutant plants.
Figure 20. BPR1 is induced by Pst(avrRpt2) in npr1 mutant plants, but it is not induced in
NahG plants. PCC1 pathogen induction and circadian clock expression is not seen in npr1
and NahG plants.
Figure 21. BPR1 and PCC1 are induced by exogenous application of SA.
Figure 22. BPR1 is not induced by exogenous application of ET.
Figure 23. BPR1 is not expressed after exogenous application of methyl-jasmonate.
Figure 24. BPR1 and PCC1 are induced by Pst(avrRpt2) in coi1 mutant plants.
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Figure 25. BPR1 expression is induced by B. cinerea and is not induced by A. brassicicola.
On the contrary rhythmic PCC1 expression is reduced after inoculation with B. cinerea and
does not change after inoculation with A. brassicicola.
Figure 26. BPR1 is expressed in roots, flowers and infiltrated leaves while PCC1 was
expressed just in treated and untreated leaves.
Figure 27. Recombinant pJawohl3-plasmid map. BPR1 CDS under control of  35 CaMV
promoter.
Figure 28. Selection of over-expression and knockout BPR1 plants.
Figure 29. PCR analysis to detect the T-DNA insertion in BPR1.
Figure 30. In Salk line 266 the T- DNA is inserted 181 bp before the start codon in the
promoter region of the BPR1 knockout plant.
Figure 31. Over-expression of BPR1 in 35S::BPR1 lines and lack of BPR1 expression after
induction with 5*106 cfu ml-1 Pst(avrRpt2) in BPR1 knockout plants.
Figure 32. Recombinant pJawohl3-RNAi map to produce BPR1 RNAi.
Figure 33. The same hypersensitive response is seen in BPR1 knockout and over-expression
lines as in Col-0 after infiltration with 5*106 cfu ml-1 Pst(avrRpt2).
Figure 34. Growth of Pst(avrRpt2) within Col-0, BPR1 knockout and over-expression plants.
Figure 35. BPR1 knockout and over-expression plants show compatible interaction with Pst
DC3000 like Col-0.
Figure 36. BPR1 over-expression lines are susceptible to Psp.
Figure 37. Titre of Psp bacteria in Col-0 and BPR1 over-expression lines immediately (0) and
5 days after infiltration.
Figure 38. Leaves of 4 weeks old Col-0, BPR1 knockout and over-expression plants 5 days
after drop-inoculation with 1*108 A. brassicicola spores ml-1.
Figure 39. Susceptibility of BPR1 over-expression lines to Botrytis cinerea.
Figure 40. B. cinerea symptoms categories from 1 (weak) to 5 (intensive) five days after
inoculation.
Figure 41. Disease rating into five categories of B. cinerea symptom and their distribution in
Col-0, BPR1 knockout and over-expression lines.
Figure 42. BPR1 over-expression lines have longer roots.
Figure 43. BPR1 over-expression lines show longer roots as compared to BPR1 knockout and
Col-0 plants.
Figure 44. Recombinant pLH7000 vector map. The BPR1 promoter sequence was cloned
upstream of GUS via the BamHI and the NcoI restriction sites.
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Figure 45. Analysis of BPR1 expression pattern by a promoter-reporter (GUS) gene fusion.
Figure 46. PCC1 superfamily polymorphism in 10 Arabidopsis accessions.
Figure 47. PCC1 polymorphism in Oy-0.
Figure 48. PCC1 circadian clock expression is conserved in accessions carrying a highly
polymorphic PCC1 gene (St-0 and Oy-0).
Figure 49. Vector map of the recombinant expression plasmid pGEX-5X-1. The BPR1
sequence was cloned downstream of glutathion S- transferase (GST) via the EcoRI and the
NotI restriction sites.
Figure 50. SDS-PAGE analysis of the affinity purification of the GST-BPR1 fusion protein.
Figure 51. Schematic diagram of the Mathchmaker LexA two-hybrid system.
Figure 52. The matchmaker lexA two-hybrid system vectors.
Figure 53. EGY48 (p8op-lacZ+plexA-BPR1) produces BPR1 protein and grows on SD-His,-
Ura.
Figure 54. BPR1 protein does not indicate self-activation and interacts with aquaporin-protein
(At2g39010).
Figure 55. Schematic representation of the control of BPR1 and PCC1 expression in SA
treatment and SA-signalling pathway mutants.
Figure 56. Scheme  of BPR1 and PCC1 induction by Pst, Pst (avrRpt2), A. brassicicola, and
B. cinerea.
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7-3 Tables
Table 1. SDS-PAGE separating gels  (amounts given in ml; 12 mL=sufficient for 2 mini-gels
with 1 mm spacer).
Table 2. Stacking gel 5% (Add 10 µl of Bromophenolblue).
Table 3. Sequence of primers specific for the various members of the PCC1 superfamily.
Table 4. Alignment of translation of gDNA from At3g22240 and PCC1 at the amino acid
sequence level.
Table 5. PCC1 superfamily oligo-nucleotide probes.
Table 6. Χ2 test for proportions of resistant (live) and susceptible (dead) plants to BASTA in
T2 over-expression BPR1 lines.
Table 7. Sequence of BPR1 exon 2 reverse, Salk Lba1 and Salk Bb1 nested primers.
Table 8. Variance analysis of root length of Col-0, BPR1 knockout and over-expression lines
with 162 replicates in one-way analysis of variance.
Table 9. PCC1 superfamily polymorphism in 10 Arabidopsis accessions
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